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EXECUTIVE SUMMARY

Several field investigations have been conducted at the
French Limited Site since December, 1982. The most recent
consolidation of the various investigation reports was
published as the draft CERCLA Remedial Investigation (RI)
report in June, 1986. This draft was subsequently accepted by
EPA, as the final RI Report for the site pending resolution of
certain issues to be addressed in  the 1986 Field
Investigation. Generally, there have been common
interpretations of the factual data base. However, in certain
areas, limited and/or conflicting data have been reported by
the different studies. A 1986 Field Investigation was proposed
by the French Limited Task Group and approved by fPA, to
broaden the technical data base and investigate four specific
areas. A description of these four areas of expanded
investigation, and the results of the 1986 Investigation, is as

follows:

1) PCB Concentration Distribution in Sludge -~ This task

was designed to identify maximum PCB concentrations in the
lagoon sludges. It was also designed to assess the possibility
of segregating sludges containing different PCB concentration
levels, if there should be a requirement for different

disposal methods for different concentration levels.

[N
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Only 1 sample location in the lagoon reported a PCB
concentration over 500 ppm. This 1location near the southern
shore of the 1lagoon, reported a 693 ppm PCB concentration. A
subsequent re-extraction and re-analysis of the same sample
reported 144 PCB concentration. This variability of analytic
results precludes a firm conclusion that the sample exceeds 500
ppm PCB concentration.

It is clearly feasible to remove this ‘'spot" of
sludge separately from the remaining 1lagoon sludge, should

separate disposal methods be required.

2. Contaminated Soil Volume Assessment - This task

provided additional soil contamination analysis data to update
the contaminated soil volume estimate. . Estimates of
contaminated soil volume were made based on four different

decontamination cleanup objectives. The results are as follows:

ESTIMATED CONTAMINATED SOIL VOLUME

Decontamination Volume
Objective (ppm-PNA's) (Cubic Yards)
1 ppm 267,000
10 ppm 51,000
100 ppm 35,400
1000 ppm 25,500
ii
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3. Alluvial Remnant Assessment - The purpose of this

task was to identify the extent and configuration of alluvial
remnant material separating the French Lagoon and the Riverdale
water supply wells. The degree of hydraulic communicaﬁion that
exists across this alluvial remnant material was also assessed.
Clay material in the Alluvial remnant area may have
originated from the underlying Beaumont Formation, but it has
been reworked and mixed with sand to such an extent that it
does not retain compositional qualities of the parent
formation. The discontinuous configuration of the remnant,
combined with the composition of its material was found to
retard but not prevent future lateral contaminant migration

between French Limited and the Riverdale.

4, Deep Aquifer Hydrogeologic 2Assessment - Previous

geologic investigations have suggested  that a confining
aquitard exists under  the French Limited Lagoon that
hydrologically isolates the shallow Alluvial 2zone from the
regional Deep Aquifer. However, the previous investigations
also detected trace 1level contamination in the first Deep
Aquifer below the site.

This task was designed to provide supplemental

geologic, hydrogeologic, and chemical analysis information to

iii

RESOURCE ENGINEERING ——




support a detailed analysis of the agquitard's hydrologic
integrity. Additionally the investigation would identify the
source and extent of trace contamination in the Deep Aquifer.
Performance of these investigations resulted in a
conclusion that the aquitard does prevent vertical migration of
contaminants from the Alluvial zone into the Deep Aquifer. It
was further determined that trace contamination existing in the
Deep Aquifer had migrated downward by means of leakage around
certain of the artificial penetrations in the area.
Additionally, the investigations provided hydrogeologic

characteristic data for both the shallow and Deep Aquifers.

iv
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1.0 INTRODUCTION

Several field investigations have been conducted at the
French Limited Superfund site since December, 1982. These
investigations have been documented in various reports. The
most recent consolidation was published as the Draft CERCLA
Remedial Investigation (RI) Report in June, 1986. This draft
was subsequently accepted by EPA, as the final RI Report for
the site, pending resolution of certain issues to be addressed
in the 1986 field investigation. A significant technical data
base has been generated by these previous investigations, and
numerous conclusions have been drawn, as reported in the draft
RI report.

Some data interpretations have been modified after
detailed technical review by the Environmental Protection
Agency (EPA) and the French Limited Task Group. In general,
this review has resulted in a common interpretation of the
factual data Dbase. However, there are certain areas where
limited and/or conflicting data were developed during the
various investigatory programs. As a result, a 1986 Field
Investigation Program was proposed by the French Limited Task
Group and approved by the EPA, to broaden the technical data
base in four specific areas. A brief description of these four
expanded investigative areas is as follows:

° Identify the maximum PCB concentration in the lagoon

sludges, and assess the possibility of segregating

sludges containing different PCB concentration levels.
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° Identify the volume of contaminated soils underlying
and surrounding the lagoon sludges.

° Identify the extent and configuration of an alluvial
remnant (buried clay ridge) within the alluvium
separating the French Limited Lagoon and Riverdale
water supply wells, and assess its impact on the
hydraulic connection of the ¢two 1locations, through
the shallow aquifer.

o Assess the The hydrogeoclogy of the deep aquifer
located approximately 120 feet below grade at the
site, and provide identification of contaminant
migration pathways which might impact it.

The purpose and scope of the 1986 field investigation is
further described in the following sections, which also include
the results of the various tests and analyses.

An overall plan view of the French Limited site is shown
on the Plate 1 - Base Map in Attachment 1. The location of the
various monitor wells at the site are also included.

All field tasks and analytical programs were conducted in
accordance with existing safety and QA/QC procedures developed
and used during previous field investigation activities at the

French Limited site.

l -2
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2.0 ASSESSMENT OF LAGOON SLUDGE PCB CONCENTRATIONS

2.1 Purpose of PCB Concentration Survey

Previous investigations have established that PCB
contamination exists at the French Limited site, and that the
higher concentrations of PCBs tend to be 1located in the far
western portion of the lagoon. However, the previous sampling
and analytical programs lacked sufficient detail to determine
the optimum disposal method requirements for the PCB
contaminated sludges.

The 1986 PCB Sampling and Analysis Survey was
designed to provide detailed PCB concentration information.
The survey, established in a lateral and vertical grid pattern,
covered the far western end of the lagoocn where maximum PCB
concentrations are indicated. The PCB concentration data
obtained in this survey will then be available to prepare a PCB
disposal plan that segregates and isolates sludges containing
high PCB concentrations (over 500 ppm) froﬁ those containing
lower concentrations, should this be required.

This survey incorporated a program of sample splits
for analysis at three different 1laboratories, and repeat
analysis of the same samples at one of the laboratories in
order to establish a data base illustrating the degree of

variability in analytical results obtained from the same

samples.
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2.2 Scope of PCB Concentration Survey

2.2.1 Sludge Sample Collection - After PCB

concentration information from previous investigations was
reviewed, it was determined that a sample grid extending
~eastward 350 feet from the western end of the lagoon would
cover the area where PCB concentrations over 500 ppm might be
expected. A sampling grid was established in that area of the
lagoon on approximately 50 by 50 foot centers. Samples were
collected at 22 locations on this grid, as shown in Figure 2-1,
at the following depths:

Depth 1 - Sludge surface samples (0O to 8

inches)
Depth 2 - One foot depth samples (8 to 16

inches)
Depth 3 - Two foot depth samples (16 to 24

inches)
Collection of samples was accomplished using a 2-inch
PVC piston sampler to retrieve 24-inch 1long sample cores from
the 1lagoon sludge. Samples from each of the three depth
intervals were extruded into individual stainless steel
compositing bowls and blended prior to placement into specially
prepared sample containers. Consistent with approved sampling
protocol, all sample collection and compositing equipment was
decontaminated between samples using rinses of a detergent,

water, acetone, and then water.
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Tﬁe grid consisted of 22 sampling 1locations,
with 3 sampling depths at each location, resulting in a total
of 66 samples. However, there were 5 sample points that had no
sludge present; thus, no samples were collected.

of the 61 samples collected, 10 were randomly
selected to be analyzed by 2 separate independent 1laboratories
specified by the EPA (Radian and Rocky Mountain), in addition
to being analyzed in the laboratory that performed the
analytical work for REI (Environmental Testing and
Certification - ETC). Each of these 10 sample splits was taken
simultaneously from the same homogenized composites, and placed
into identically prepared containers. Complete chain-of-
custody documentation accompanied each individual sample.

After receipt of the analytical results from the
three laboratories, ETC was requested to re-extract and
re-analyze seven samples. These samples were randomly selected
by_ REI, but they included two samples that had previously been
analyzed by all three laboratories and five samples that had
been analyzed only by ETC. The location and depth's of the
‘samples that were analyzed by all three laboratories, and those
that were re-analyzed by ETC is shown on Figure 2-1.

2.2.2 Laboratory PCB Analysis Method Control

To ensure results were comparative from the
three laboratories performing PCB analyses, the sample

preparation, extraction, and analysis methodologies were
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specified to all 1laboratories. These procedural instructions
are shown in Appendix 1. All samples were analyzed using Gas
Chromatograph/Electron Capture Detector (GC/ECD) techniques,
with results reported in dry weight concentrations.

2.3 PCB Concentration Analysis Results

The results of the fCB analysis of lagoon sludge are
summarized on Figure 2-1. Presented are analytical results
from the three 1laboratories and the lagoon grid pattern for
reference regarding sample location. Data provided in
parentheses under the ETC column show the analytic results fér
samples which were re-extracted and re-analyzed by ETC.

The laboratory reports are provided in the following
Appendices:

Appendix 2 - ETC PCB Analytical Results

Appendix 3 - Rocky Mountain PCB Analytical Results

Appendix 4 - Radian PCB Analytical Results

A review of the analytical data presented in Section
2-3 was performed to evaluate ¢the statistical significance of
the results. This evaluation verified that all results for
sample splits analyzed by all three 1labs were statistically
valid. A statistical evaluation of the results where only two

analyses data points are available can not be performed.

RESOURCE ENGINEERING ——




2.4 PCB Concentration Assessment Conclusions

Review of the analytical data leads to the following

conclusions

regarding the PCB concentration survey of the

French Limited Site.

Only one (1) sample (Location 12 - Depth 2)
location reflected a PCB concentration over
500 ppm. This sample, from the 8 to 16 inch
depth, reported 693 ppm PCBs.

However, when this sample was re-extracted and
re—-analyzed, it reported a 144 ppm PCB
concentration. The variability of analytical
results at this sample point precludes a firm
conclusion that the concentration exceeds 500
ppm.

Only three (3) sample locations (Locations 1,
12 and 15) indicate PCB concentrations over
100 ppmn.

It 1is clearly feasible to remove the "spot" of
sludge at sample Location 12 from the 1lagoon,
separately from the remaining sludge. Should
it become necessary. This ability to
segregate sludge that contains a PCB
concentration in excess of 500 ppm would allow
a separate and/or different remedial method as
compared to the method used for the remaining

sludge.
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Comparison of the slucge's PCB concentration-
analytic results from the three 1laboratories,
and the re-analysis by ETC, indicates a degree
of variability. However, study of the data
does show that high PCB results were present
at sample Location 12 and re-analysis also
showed relatively high concentrations. Low
concentrations shown in the first analysis
tended to be confirmed (Sample Location 9) by

the re-analysis.
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3.0 ASSESSMENT OF CONTAMINATED SOIL VOLUMES

3.1 Purpose of Contaminated Soil Volume Survey - Several

estimates of the volume of contaminated soils underlying the

French Limited Site have been developed during previous field

investigations. These estimates were  Dbased on visual
observation, limited analytical quantification of soil
contaminants, and assumed decontamination objectives. The most
recent lagoon boring program (1985) obtained gas

chromatography/mass spectroscopy (GC/MS) analytical data for
underlying soils. The data indicates that base/neutral
priority pollutants, specifically polynuclear aromatics (PNAs),
could be an acceptable indicator of contamination due "to their
mobility and persistence in the subgrade soil environment. The
volume estimate reported in the 1985 Remedial Investigation
Report was based upon an assumed decontamination objective of 1
ppm PNAS.

The purpose of this 1986 assessment is to develop
additional soil contamination analytical data and use it, in
combination with the existing data to update the underlying and

surrounding contaminated soil volume calculation.

3.2 Scope of Contaminated Soil Volume Survey - Previous

studies (lagoon borings and resistivity profiling) at the site
have indicated that the permeable strata adjacent to the lagoon
may be pathways of radial contaminant migration. To Dbetter

define the extent of this migration, and thus better quantify
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the contaminated soil volumes, samples from ten (10) borings
located around the perimeter of the lagoon were collected to
augment the analytical data base. Additionally, soil saﬁples
were taken during the installation of two (2) monitor wells
(REI 10-3 and REI 11).

Due to the hydraulic pressures present in -the
subgrade sand zones, hollow stem auger equipment could not be
utilized for advancing these borings, as was specified in the
project work plan. Instead, rotary wash techniques werevused.
Soil samples were collected using split spoon and Shelby tube
samplers on a continuous basis from the surface to the depth at
which the confining clay stratum was encountered. Samples from
each boring were selected for chemical analysis based upon a
combination of visual inspection, HNU screening, and physical
observation of stratum breaks between permeable zones and clay
strata.

All samples for chemical analysis were placed into
pre-cleaned 16 ounce wide-mouthed 3jars, refrigerated, and
transported to the laboratory for analysis. Split samples were
offered to the EPA for their independent analysis.
| Following completion, each boring was pressure
grouted to the surface with a cement/bentonite slurry and all
drilling fluids and cuttings were placed into the lagoon. Logs
of these borings are shown in Appendix 5. The locations of
these borings and the monitor wells that were sampled are shown

on Figure 3-1.
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In addition to the 60 samples collected» during the
dike boring program, soil samples retained from the 1985 Field
Investigation were analyzed to quantatively identify some of
the base/neutral (PNA) contaminants present. The location of
these 1985 lagoon borings is also shown on Figure 3-1.

The volume of contaminated soil was calculated using
base/neutral organics concentrations as the indicator
parameter. Separate calculations were performed using 1, 10,
100 and 1000 ppm as the. decontamination cbjective.

3.3 Soil Analysis - All samples were analyzed using

standard GC/MS techniques for base/neutral priority pollutant

compounds in soils.

3.4 Contaminated Soil Volume Results - Analytical results

of the subgrade dike soils and the retained samples from the
1985 lagoon boring program are shown on Figure 3-1. Laboratory
reports for the contaminated soil analyses are provided in
Appendix 6.

These data indicate that a large percentage of the
soils which constitute the earthen dike have less than 1 ppm of
base/neutral organic contamination (PNAs). Additionally, only
two dike boring locations exhibited total base/neutral
concentrations in exess of 10 ppm. The volumes of contaminated
soil calculated in the 1985 Remedial 1Investigation report were
based upon the assumption that all of the soils within the dike

volumes were contaminated with organics over 1 ppm.
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The 1986 estimates of the contaminated soil volumes were
made based on decontamination objectives of 1, 10, 100 and 1000
ppm. The calculations for each of the four cases were made by
utilizing the inown dimensions of the lagoon, and the depth of
contaminated soil as determined from the &o0il analysis data.
Detailed calculations for the four cases are provided in
Appendix 7.

The results of these calculations are summarized in

Table 3-1 as follows:

Table 3-1
Estimated Contaminated Soil Volumes

Decontamination
Objectives (ppm-PNAs) : Volume (cubic vards)
1 ppm 267,000
10 ppm , 51,000
100 ppm | 35,400
1000 ppm 25,500

These estimates show a 523% decrease in the volumes
of contaminated soil when the decontamination objective is
increased from 1 ppm to 10 ppmn. The relative difference in
contaminated so0il volumes is still significant (60% decrease)
when the decontamination objective is raised from 10 ppm to 100
PNAs. A 72% decrease occurs when the decontamination objective

is raised from 100 ppm to 1000 ppm PNAs.
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The significance of choosing a decontamination
objective on the volume of contaminated soils is illustrated in
the contaminated so0il volume table (Table 3-1). Typical
choices for PNA decontamination objectives (i.e., 100 or 1000
ppm) has a relatively insignificant impact on the volume of

soil considered to be "contaminated."
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4.0 ALLUVIAL REMNANT ASSESSMENT

4.1 Purpose - The purpose of the Alluvial Remnant
Assessment Task in the French Limited site 1986 Field
Investigation Program was to identify the extent and
configuration of alluvial remnant material separating the waste
lagoon and the Riverdale water supply wells. The study also
assesses the impact of the alluvial remnant material on the
hydraulic éonnection’ between the shallow aquifer in these two
locations.

Subsurface field investigation programs conducted at
the French Limited site have produced much information
describing the shallow geology (< 50 feet) immediately adjacent
to the waste 1lagoon; however, the details of that geologic
data base decrease significantly outside the immediate vicinity
of tﬁé lagoon.

A previous interpretation of the cdepositional history
within the alluvium tentatively suggested that. there may be two
geologically recent, parallel, alluvial channels segregated by
an older, 1less permeable, alluvial remnant deposit. This‘
tentative interpretation, based upon limited stratigraphic and
soil property data, suggested that this remnant deposit could
possibly provide a natural containment and migration barrier
between the French Limited site's 1lagoon and the Riverdale
water well locations. The 1986 assessment task is designed to
augment the geologic data base of the area Letween the lagoon

and Riverdale, and to accurately describe the alluvial remnant
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materials structure. The interpretive tools used to delineate
the remnant's configuration and structural extent included cone
penetrometer soundings, soil confirmation borings, electric

borehole geophysics and geotechnical soils analysis.

4.2 Procedure

4.2.1 Phase I - Thé first phase of the alluvial
remnant material's assessment consisted of a cone penetrometer
survey of twenty-eight (28) soundings (CPT-1 through CPT-28)
set on three traversals between French Limited and Riverdale.
The 1locations of the penetrometer soundings are shown on Plate
2 in Attachment 2. Each sounding was pushed to a depth of 70
feet, or until cone refusal, and was pressure grouted upon
completion of the penetration. Subsequent sounding locations
were selected by inferring the lithology from the computerized
field reports'of sleeve friction and tip resistance. These
were plotted on the computer housed inside the cone
penetrometer truck.

4.,2.2 Phase II - The second phase of the assessment
program consisted of installing eight (8) confirmation borings
(R-1 through R-8). These borings were placeq adjacent to cone
sounding locations to provide validation of the inferred
lithologic materials and to obtain soil samples for
geotechnical analysis. See Plate 2 in Attachment 2 for the
boring locations. A mud rotary drilling rig, using a potable

water and bentonite powder as a mud, was used to advance the
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borings. Each boring was continuously sampled, visually logged
and electric logged, (resisfivity, spontaneous potential, gamma
and neutron) to a depth of 60 feet. All borings were pressure
grouted with a cement-bentonite slurry on completion of the
geophysical logging. The visual description of each
confirmation boring, its geophysical 1log, and nearest cone
sounding log are presented in Appendix 8. The confirmation
boring and its corresponding cone penetrometef sounding are as

follows:

Corresponding Confirmation

Cone Sounding Borings
CPT-10 R-1
CPT-2 R-2
CPT-4 : R-3
CPT=-6 R-4
CPT-17 R-5
CPT-18 R-5
CPT-21 R-7
CPT~24 R-8

The logs for all the cone penetrometer soﬁndings (CPT-1 through

CPT-28) are shown in Appendix 9.

Soil samples were retained while drilling the
confirmation borings and analyzed for their appropriate
geotechnical properties. Sandy soils were sieved to determine
their grain size; clays and silts were analyzed by direct shear
analysis and Atterberg 1limit determinations. The geotechnical

test reports are presented in Appendix 10.
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4.2.3 Phase III - In the third phase of the progran,
four piezometers (MR-1] through MR-4) were installed in the

upper alluvial sand, with the mud rotary drilling rig. The

locations of these piezometers are shown on Plate 2 in

Attachment 2. The piezometers were constructed of 4-inch
flﬁsh-jointed PVC Schedule 40 pipe with a Triloc 0.010-inch
slotted screen. The top of each casing was notched to provide
a common reference point for water 1level measurements and
surveyed for its elevation to Benchmark NGS #S109, 1984.
Construction details for éach piezometer are presented in
Appendix 11. The purpose of the piezometers was to allow water
level measurement in the uppermost aquifer at points in the
alluvial deposit area. These water 1level readings were then
used in assessing the degree of hydraulic separation across the

alluvial remnant material.

4.3 Results = Since a predominantly clay formation such
as th00000000000000000000ted to subareal dessication and
compaction, its soil properties change. Although the Beaumont
may be the parent material for the alluvial remnants, the
alluvial material has been reworked, winnowed, and placed in a
different depositional environment than its parent formation.
Using this hypothesis, one possible method to identify the
contact between the Beaumont formation and the overlying clay
soils or remnant material is to examine the cone penetrometer

and geophysical 1logs for baseline shifts. Baseline shift
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occurs when the physical and qualitative properties of a unit
are markedly different from those of an adjacent unit, even
though the units may be lithologically similar.

Cone penetrometer sounding traversals were set along
Gulf Pump Road, along Hickory Street in Riverdale, and on a
north-south 1line tangent to GW-02 and GW-O?, as shown on Plate
2 in Attachment 2. .Cross-sections based on interpretations of
the sounding traces, using baseline shifts and confirmation
borings as correlation aids, are shown in Figures 4-1, 4-2 and
4-3.

By compiling the information from the cone
penetrometer survey, the confirmation borings, the geotechnical
tests, and the data from previous investigations, a more
detailedAinterpretation of the extent and configuration of the
alluvial remnant material can be made. An interpretation of
the cross-sections constructed from the cone penetrometer
soundings suggests that parallel alluvial channels "etch" the
surface of the Beaumont clay as they increase both their
sinuosity and meandering across the eroded penneplain. Between
these channels exist older alluvial deposit remnants. These
deposit remnants consist of reworked clay alluvium which
uncomfortably overlies the Beaumont formation and is incised by
minor sand channels. The minor channels move eastward as the
sinuosity of the oxbow channel increases. These channels were
later covered with silt and clay when the oxbow was starved by

the meandering stream. A careful analysis of the cone
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penetrometer sounding traces confirm the geologic makeup of the
material above the Beaumont clay is a complex assembly of
interfingered sand and clay-based materials. Although the
material encountered at CPT 10 (adjacent to GW-02 and GW-27)
confirmed boring 1logs from previous investigations, the
geometry of the remnant as previously interpreted could not be
confirmed. The composition of the material at =15 to =50 MSL
has clay as a major component at some cone penetrometer
sounding points, however, the clay content of this zone varies
both in thickness and continuous aereal extent.

Geotechnical A tests performed on the so0il samples
retained from the confirmation borings indicate the alluvial
remnant material is of a different grain size and composition
from the underlying Beaumont formation. The alluvial remnant
material is coarser and has a lower 1liquid 1limit, plastic
limit, and plasticity index than the Beaumont clay material.
Grain size analysis of sand taken from a confirmation boring
(R-8) in Riverdale showed the sand to be finer and more silty
than sand taken from a different channeling event which
occurred across the bulk of the remnant material néar the
French Limited site (R-2 and R-3). A summary of the
geotechnical testing results for each sample interval are
listed in Table 4-1, and complete test reports are shown in

Appendix 10.
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TABLE 4-1

ALLUVIAL REMNANT MATERIAL

SUMMARY OF GEOTECHNICAL ANALYSIS DATA

French Limited Sand

#60 Sieve
Boring Depth (ft.) % Retained
R-2 8-10 91.2
R-2 10-12 94.9
R-3 4-6 62.6
R-3 14-16 70.8
Riverdale Sand
#60 Sieve
Boring Depth (ft.) % Retained
R-8 4-6 40.8
Alluvial Remnant Material
_ Liquid Plastic Plastic % Less
Boring - Depth (ft.) Limit Limit Index Than #200
R-2 22-24 49.5 16.8 32.7 20.3
R-2 38-40 - - - 25.0
R-3 22-24 41.0 15.7 25.3 -
R-3 34-36 25.2 13.9 11.3 47.0
R-8 22-24 41.5 15.2 26.3 -
R-8 40-42 24.0 15.7 8.3 35.1
Beaumont Clay Upper Contract
Liquid Plastic Plastic % Less
Boring Depth (ft.) Limit Limit Index Than #200
R-2 48-50 - - - 20.5
R-3 46-48 66.0 27.4 38.6 -
4 - 10
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A study of the near surface sand deposits in the
French Limited alluvial zone indicates there is an unconfined
sand with up to two buried artesian channel sands. All sands
above the Beaumont Formation appear to have a weak hydraulic
connection. This connection is illustrated by the hydrograph
of the water 1levels of the four Riverdale piezometers. (See
Figure 4-4). The water levelsAof these four piezometers were
affected in a similar fashion by atmospheric events such as
rainfall, drought, and barometric pressure over the period of
measurement in October, 1986. Piezometer MR-1 (total depth, 8
feet) was set near GW-07, a well screened in the upper
permeable 2zone (14 to 24 feet below surface) to determine
whether the sand seam detected on cone penetrometer traces
yielded a <change in hydrostatic head. Preliminary water level
readings have shown a difference in head of at 1least two feet

between the two wells. (See Figure 4-5.)

4.4 Conclusions - Clay material found approximately 20

feet below the surface may have originated from the Beaumont
Formation; however, it has been reworked and mixed with sand to
such an extent that it does not retain compositional qualities

of the parent formation. Although the methods and

4 - 11
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characteristics of the deposition of the alluvial remnant
material represent a standard geologic model for a fluvial
system, the discontinuous configuration of the material is not
adequate to provide an absolute unqualified lateral migration
barrier between French Limited and Riverdale. The presence of
this material and other interspersed clay, sand, and silt seams
does provide localized, hydraulic separation. Supply wells in
the shallow alluvium (less than 50 feet) would have to overcome
these localized anomalies with an extremely high pumping rate,
over an extended period to induce water from the French Limited

site into the Riverdale home supply wells.

4 - 14
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5.0 DEEP AQUIFER HYDROGEOLOGY ASSESSMENT

5.1 Purpose =~ The existence of a confining aquitard
beﬁeath the French Limited Lagoon, that would hydraulically
isolate‘the alluvial zone from the regional Deep Aquifer, is
important in evaluating several potential remedial alternatives
for the site. Previous geologic investigations have suggested
that such an aquitard exists, and that its hydraulic integrity
will prevent the vertical migration of contamination away from
the site. However, theselprevious investigations also detected
trace level contamination in the reéional Deep Aquifer below
the site. The presence of this trace éontamination suggests
that hydraulic communication exists across the aquitard, from
either artificial penetrations or natural migration.

Review of the data base from previous investigations

led EPA,'and the French Limited PRP Group, to conclude that a
1986 Field Investigation should be performed to:

° First, supplement the existing geologic data
base by performing a series of pumping tests
designed to provide a positive "stress" test
of the aquitard's hydraulic integrity in the
area of the French Limited site.
Additionally, while performing these pumping
tests, data would be collected for calculation
of the deep aquifer's hydraulic

characteristics.
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° Second, implement a prcgram of ground water
analysis designed to identify <the source ©of
trace contamination in the deep aquifer.

The purpose of these investigations would be to
assess the integrity of the aquitard underlying the French
Limited Site.

5.2 Scope - The investigative tasks performed during the
deep aquifer hydrogeology assessment are summarized as follows:

1. Before performing the pumping tests, it was
necessary to remove and seal an existing well
known as the "Murphy Well." This well had
been discovered previously, near an abandoned
structure on the Murphy property, and was
suspected of being a source of vertiéal
hydraulic communication across the aquitard.

2. A second Deep Aquifer pumping test, referred
to as the "REI-3 Cluster" test, was performed
utilizing a pumping well 1located approximately
650 feet down gradient (south) of the French
Limited Lagoon's southern shore.. This was
also an extended run test (3 days) designed to
measure the aquitard's vertical hydraulic
integrity at that 1location. Data were also
collected for calculating Deep Aquifer

characteristics.
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The Deep Aquifer pumping test referred to as
the "REI-10 Cluster" test was performed
utilizing a pumping well 1located approximately
75 feet south of the French Limited Lagoon's
southern shore. This downgradient location
adjacent to the lagoon was utilized to pérform
an extended duration (7 day) ‘"stress test" of
the aquitard's vertical hydraulic integrity.
Additionally, during the test, data were
obtained for calculating Deep Aquifer
characteristics.

During an -initial attempt to perform the "REI
10 Cluster" Deep Aquifer pumping test, an
anomoly was observed in the shallow aquifers
hydraulic response. After review and further
investigation, it was concluded that the
nearby artificial penetration (Monitor Well
GW-25) should be removed and sealed before
proceding with the test.

A third Deep Aquifer pumping test identified
as the "REI-12 Cluster" test, was planned
utilizing a pumping well 1located north of
Highway 90. This upgradient test was designed
to stress the aquitard while obéerving the
shallow aquifer for evidence of vertical

hydraulic communication. This test was not
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performed as described in the work plan.
Review of the results from the REI 10-1 Run #2
Test, and the preliminary drawdown test
performed on REI 12-1 concluded that this
upgradient test would not greatly supplement
the data already obtained from the preceding
tests, so the test was eliminated.

Groundwater potentiometric maps of the Freﬁch
Limited site's Deep MAquifer were prepared
using water level data from a network of old,
as well as newly installed monitor wells. Two
maps were prepared based on data obtained on
two separate dates. The maps show the Deep
Aquifer groundwater gradient, and = "mounding"
effects that exist in the area.

Groundwater samples were collected from six
(6) monitor wells, and analyzed for
contaminant concentrations by (GC/MS) .
Results from these analyses provided data to
support final determination of Deep Aquifer
contamination levels, and to help identify
contaminant migration pathway into <the Deep

Aquifer.
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A complete description of the activities, approach,
procedures utilized, and results obtained from these
investigations are described in the following sections of this

report.

5.3 Murphy Well Removal -~ The 1985 Field Investigations
Scope of Work included a pumping test of the Deep Aquifer
utilizing. a well (REI 3-4) located approximately €50 feet south
of the French Limited Lagoon's southern shore. Results of this
test indicated a potential boundary condition or source of
artificial recharge near the pumping well. Investigation
identified an abandoned water well northeast of REI 3-4 on the
Murphy property. See Plate 1 in the Attachment = 1 for
location. The well was found beneath vegetation and rubble
from the original structure on the property. The well was
constructed of 3-inch galvanized steel pipe cut off beneath the
surface of a small concrete pad. No grout material was in
evidence at the surface of the well, and the concrete pad was
not functioning as a surface seal.

The down-hole portion of a jet-pump was removed from
the well without difficulty, and a cased~-hole electric log was
run to identify potential problems that might be encountered
during removal of the well.

The well casing was pulled using conventional water
well workover equipment. One hundred ninety (190) feet of

3-inch galvanized casing and ten (10) feet of 3-inch stainless
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steel screen were removed from the well bore. Close.
observation during removal of the casing found that no cement
or grout adhered to the piping. The borehole was reamed to an
8-inch diameter with a rotary wash rig to a depth of 205 feet.
Again, no evidence of grout was observed during the drilling
process. The borehole was then pressure grouted to the surface
using tremie rods and a neat cement. Following settling,
additional cement was added to seal the borehole to the
surface. Figure 5-1 illustrates the construction of the Murphy

well as it was found before removal.

5.4 Installation of Piezometers and Monitor Wells - The
objectives for the design and_installation of the piezometers
and monitor wells of the 1986 French Limited Field
Investigation were two-fold:

1. Design a program of wells to add geologic data
between the surface and the Deep Aquifer in and about the
French Limited Site;

2. Design and construct a series of shallow wells
and piezometers to test the ability of a given clay layer (-67
to =80 MSL) to act as an aquitard beneath the French Limited
Lagoon. See Plate 1, field investigation map, in Attachment 1
for the-loc&tion of all monitor well and piezometers.

5.4.1 Deep Aquifer Monitor Well 1Installation - The

Deep Aquifer monitor well installation program consisted of

adding three monitor wells (REI 10-1, REI-1l1, and REI 12-1) to
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the four monitor wells which existed at the start of the 1986
Field Investigation (GW-12, GW-25, AREI 3-4, REI 7). The
locations of these new wells were selected to provide
information for potentiometric maps and to provide optimal
spacing distances for the pumping tests performed during the
investigation.

Each monitor well bore was advanced with a mud
rotary drilling rig, using bentonite powder and potable water
as a drilling mud. Monitor wells and piezometers in the REI 10
cluster (see Figure 5-2 for location) required the addition of
coarse mica as a fluid circglation loss acdditive, due the head
generated by the French Limited lagoon and the coarseness of
the material encountered while driliing" An eight (8) inch
surface casing was pushed to the first significant clay layer
and grouted in place. The drilling fluid from the upper
formations was pumped into 55 gallon drums for return to the
French Limited Lagoon, prior to advancing a smaller diameter
hole for installation of the monitor well. Each monitor well
was constructed of four (4) inch flush Jjointed schedule 40
Triloc PVC blank and 0.010-inch Triloc PVC screen. Each screen
length was custom cut. in the field, so only the discrete
permeable zone was screened;

5.4.2 Shallow Aquifer Monitor Wells and Piezometer

Installation - The REI 10 cluster of monitor wells and

plezometers was designed to test the degree of vertical
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hydraulic connection between the 2zone of French Limited
alluvium and the Deep Aquifer. Three shallow monitor Qells
(REI 10-2, REI 10-3, and REI 10-4) were placed near REI 10-1 in
the third shallow sand zone below the surface, resting on the
first significant c¢lay (approximately -34 feet MSL). Each
monitor well was constructed of four (4) inch flush jointed
Triloc Schedule 40 PVC, 0.010-inch slot screen and casing.
Temporary lo-inch casing was used while drilling, in addition
to circuiation loss materials (MICA), to minimize excessive
sloughing in the bore while drilling.

The three piezometers installed to
characterize the qualities of the aquitard (REI P10-2, REI
P10-3, and REI P1l0-4), were advanced to the first massive, low
silt, clay (approximately =67 MSL). Six (6) inch flush 3jointed
PVC surface casing was pushed to that depth and grouted in
place. Drilling fluids were removed from the casing with an
air compressor and the remainder of the bore (2 to 12 feet) was
advanced using only potable water as a drilling fluid. Each
plezometer has two (2) feet of open screen and is positioned at
a different interval in the clay or in the first two(2) feet of
the silt directly below the clay. Soil compaction test results
from this clay interval are presented in Appendix 10. The
REI-12 cluster of wells was designed to test an area north of
Highway 90 for hydraulic connection between the alluvium and

the Deep Aquifer. One shallow monitor well, (REI 12-2) was

5 - 10
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placed near REI 12-1 Deep Aquifer well to support this test.
Installation and construction was similar to the shallow wells,
as described above. |

"All monitor well construction logs (with the
well elevation survey) and geophysical 1logs are presented in
Appendices 12 and 13, respectively.

5.4.3 Monitor Well Development - The shallow and

deep aquifer wells were developed by using a submersible pump;
Conductivity, pH, and température readings were taken after the
removal of each volume of development water until the readings
stabilized. Step drawdown tests were performed on new pumping
wells (REI 10-1 and REI 12-1), to estimate the pumping rate and
the ability of the formation to recharge after the stress of
pumping. See Appendix 23 for description of the pumping test
step drawdown data that resulted from these tests.

5.4.4 Monitor Well Post-Construction Analysis -

Information gathered during the design and construction of the
1986 Field Investigation Monitor Wells was integrated with data
generated from previous Deep Aquifer investigations.
Geophysical logs from those previous investigations are
included in Appendix 13.

A cross-section diagram depicting the
stratigraphy across the site is presented as Figure 5-3. This
diagram is an 'interpretation of geophysical spontaneous
potential and resistivity traces logged from bores penetrating

the Deep Aquifer prior to setting a monitor well.

5 -1
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Common procedure, field equipment, installation details,
measuring methods, and other activities are described as
follows:

5.5.1 Pretest Activities - The pumping tests were

performed utilizing newly installed monitor wells, in addition
to wells installed during previous investigations. These new
wells were developed using a submersible, electric-driven pump
following procedures described in the French Limited Site
Investigation Report of June, 1986. |

| The flow rate to be used during each pﬁmping
test was selected based on review of drawdown test data,
preliminary pumping test data; or data from the 1985‘ Field
Investigation. The selected flow rate was picked to pfovide
balance among the various test objectives. These objectives
consisted of 1) maintaining a constant flow rate throughbut
the test; 2) avoiding "cavitation" or breaking suction" on the
pump; and 3) maximizing hydraulic "stress" on the aquitard
during the available test duration.' Proper balancing of these
factors supported achievement 'of the test objectives to
- evaluate potential connectionAbetween the Shallow Alluvial zone
and the Deep Aquifer, and to obtain data for calculation of
Deep Aquifer characteristics. Pumping flow rate information
from previous investigations was also usied in making the test

flow rate decision.
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Pumps were installed by REI personnel, or by
subcontractors supervised by REI. The pump installation was
designed to minimize addition of artifactual constituents to
the wells. Dedicated hoses and polypropylene rope were secured
together with nylon ties for the REI 3-4 cluster test pump.
The 1large volume pump necessary for the REI 10 cluster test was
installed, and suspended on 2-inch PVC pipe. New disposable
PVC gloves were used to handle the equipment while lowering
pumps into the wells. A flow meter was installéd in the pump
discharge piping, after each pump installation.

An In-Situ, Inc. Hydrologic Analysis
System-Model SE-200 computer was utilized to monitor and record
the water levels in observation wells during the tests. This
system is a fully automated data acquisition system that
utilizes pressure transducers as the water 1level detection
devices. A detailed description of the In-Situ SE-200 computer
system and the pressure tranducers is provided in the In-Situ
Operating Manual Information shown in Appendix 15. Each
In-Situ pressure transducef was installed after first measuring
the depth to static water level from the well's casing datunm.
This measurement was made to the nearest 0.01 feet, and
documented with the well number in the field 1logbook, together
with the transducer's serial number, scale factor, and range.
The transducer was lowered into the well while measuring its

cable 1length, again to the nearest 0.01 feet. The 50 pounds
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per square inch gauge (PSIG) range transducers used on the Deep
Aquifer wells were installed from 40 to 50 feet below static
water surface, as measured from the well datum. The 10 PSIG
range transducegs utilized on the shallow Alluvial zone wells
were installed 10 to 12 feet below static water surface, as
measured from the well datum. The transducer cable was secured
to the well casing using tape, and its final installed depth
recorded in the field logbook.
| The wvell opening was covered to prevent
entrance of precipitation. The transducer cable was color
coded to ensure proper well identification, and routed to the
In-Situ SE-200 computer for connection to the selected data
recording channel. The transducer installed in a pumping well
was suspended inside a 3/4-inch PVC pipe, which in turn was
suspended in the well to minimize turbulence effects on the
measurement. The transducer for wells having potential water
contamination was placed in 3/4-inch PVC pipe; a special
stainless steel connector was used to seal the transducer and
its cable. This prevented well water contact with the
transducer and cable, except for the transducer sensing tip,
which protruded through the special connector and was coated
with a Teflon/Silicone grease.

Background water level measurements f;oﬁ"each
observation well involved in the pumping test were recordéd"'

using both manual measuring methods and the In-Situ SE-200
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computer. Fluctuations in these 1levels were monitored to
document natural fluctuations in the 2zones observed and to
determine when the water-bearing zones of interest had
equilibrated after artificial disturbances caused by previous
pumping tests or drilling activities. A Weather-Measure
Metrograph with a 7-day reading drum graph was used to record
temperature, relative humidity, and barometric pressure. This
metrograph was maintained during all phases of the tests,
including the background, drawdown, and recovery phases.

5.5.2 Test Execution - ©Upon the start of the

drawdown phase of the test the flow rate was monitored
constantly for the 1initial 2 to 3 hours. These flow rate
readings were recorded every 5 to 10 minutes on the appropriate
field data sheets. Adjustments were made to maintain the flow
rate to within 10% of the selected test design rate. Correct
flow rates were usually achieved in less than 1 minute after
the start of each test. After the initial 3 hours, Flow meter
readings were documented every 15 to 30 minutes through the
remainder of the test.

Flow rates were maintained constant if
possible, for a minimum of 12 hours after initiating the test,
to maximize reliability of the data used for quantifying
aquifer characteristics. After the initial 12 hours, flow
rates were reduced to prevent pump cavitation due to breakage

of pump suction in the pumping well, if it became necessary.
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During the pumping test, water levels in the
wells were measured and recorded by the In-Situ SE-200 computer
using its preprogrammed 1logarithmic data recording schedule.

This schedule is:

Interval Between Aquifer Test
Measured Water Elapsed Time
Levels
1l second .. cicrcternaannn 0 to 10 seconds
5 5eCONAS ceeesercsscsnossn 10 to 60 seconds
20 SECONAS cevssesssoscnonse 1 to 10 minutes
2 minutes ... iciencennn 10 to 100 minutes
20 minutes ccccceveessieeees 100 to 1000 minutes
60 minutes ..cceceveeeececees 1000 to 10000 minutes
200 minutes ......c0000000. 10000 to 99999 minutes

The computer also‘ provides an option for
collecting data at shorter intervals for éne well. The
computer was programmed to designate the pumping well for this
special treatment option in all of the tests.

Manual water level measureménts taken and
recorded periodically throughout the test provided a quality
assurance cross-check of the quality of data recorded by the
computer system. A Well Wizard Series 6000 well sounder was
used to collect the manual measurements. This instruments
inherent design accuracy is to 0.01 feet.

As the pumping test progressed, the various
test data were monitored and evaluated for conditions which

would require adjustments in test conditions or procedure. The
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data that were monitored included comparision of the manual
water level measurement with the computer data, and
computer-plotted well level drawdown curves.

The In-Situ computer data and the manual water
level measurements were continued during the "Recovery" phase
of the test, after the pump was shut off. The In-Situ computer
program was reset to the beginning of its preprogrammed data
recording schedule so that early, crucial recovery data could
be recorded at a frequent interval. Water 1level monitoring
during the recovery phase was continued until sufficient data
was obtained for determination of aquifer characteristics.

5.5.3 Post-Test Activities - After completion of the

recovery phase, the field test activities were concluded and
the In-Situ computer removed to the office for unloading the
test data tapes. The computer's data were compared to manual
level readings as a quality control check to ensure its
accuracy. This comparison -included plotting manual
measurements and computer measurements on log-log and semi-log
paper to determine if the resulting response curves indicated
significant differences. When significant variances were
noted, records were studied for indications of equipment
failure, and measurement or transcription error. To minimize
transcription errors, data tapes from the 1In-Situ SE-200
computer were loaded directly into a ILotus spreadsheet PC
program to perform the repetitive calculations efficiently and

accurately.
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The required range of aquifer characteristic
values was calculated using several methods and, after all
gfaphical methods and calculations had been completed, they
were checked for accuracy by a second person.

The data were then hand plotted on both

. log-log and seni-log Keuffel and Esser (K+E) graph paper for

analysis. Due to the voluminous nature of the data generated,

it was practical for only certain data to be plotted. The

plots were then checked for accuracy.

The two methods of énalysis for the drawdown
data were the Theis non-equilibriuﬁ solution (Theis, 1935;
Heath and Trainer, 1981) and the time vé. drawdown modification
to Theis' non-equilibrium solution by Cooper and Jacob
(Driscoll, 1981). The recovery data were also analyzed by both
of these methods, using the assumption of Theis' Correlary, and
the residual drawdown plot solution (after Driscoll). For the
log-log plots, the resulting curves were matched using a
reverse type curve provided in the U.S. Department of

Interior: Ground Water Manual, A Water Resources Technical

Publication, 1981; (Figqure 5-5). This type curve was used

instead of a 1leaky type curve (e.g., after Walton, Theis)
because most of the curves generated from the data were
non-leaky. Only that portion of the curve plot considered to

be applicable was utilized in the hydfogeologist's

“interpretation of where curves matched the type curve.
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Similarly, for the semi~log plots, only the
representative data were utilized to identify a straight;line
intersect from each plot. In some cases, two intersects were
identified and also considered to provide a range for variation.

Aquifer characteristics were calculatéd, using
the data obtained from the plots. The formulas used are
specifically cited by each solution method employed. Some
additiional data, are necessary within the calculations, such
as flow rate (Q) were taken from thg pumping test results.
Where necessary, adjusted values were used, as indicated, to
compensate for some of the uncontrollable events that occurred
during the tests.

The saturated thickness of the aquifer (b) was
determined, using the screen 1length of each observation well
for consistency.

Results from calculations for transmissivity
and hydraulic conductivity were expressed in both English
Standard Units and SI-Metric Units, for convenience.

5.6.RET 3=-4 Run #l1 Pumping Test

5.6.1 Purpose - The major objective of this test was
to qualitatively evaluate the potential hydraulic connection of
the Alluvial Zone and the Deep Aquifer. These test results
would also be compared with the results of the more
sophisticated REI-10 cluster test to evaluate the areal extent

of the aquitard(s).
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Aquifer characteristics had been previously
determined at this 1location in a pumping test which was
described in the French Limited Remedial 1Investigation Report
June 1986. As\ indicated in the 1986 Field Investigation Work
Plan, aquifer characteristics (transmissivity, storativity, and
hydraulic conductivity) of the Deep Aquifgr would be

redetermined from data collected during this test.

5.6.2 Description of Test - The test's operational

parameters and well construction information are described in
Table 5-1. Further installation and construction details for
REI 10-1 and REI 11 are described in Section 5.4. Details of
REI 3-4, REI 7, REI 3-1, REI 3-2 and REI 3-3 installation and
construction are described in the Remedial Investigation Report
June 1986 for the French Limited Site.

Monitor Wells REI 3-1, REI 3-2, and REI 3-3 are located at
small radial distances from REI 3-4 in conformance with the
Neuman-Witherspoon field test requirements. Water 1levels were
observed in these three wells for possible responses to the
drawdown of the Deep Aquifer. The remaining observation wells
(RETI 11, REI 7, REI 10-1) and REI 3-4 were monitofed for data
used in determining aquifer characteristics.

5.6.3 Results - The 2.5 gpm test flow rate used at
the start of the test was selected based on information from
the 1985 pumping test, and it was intentionally set at a high

rate based on a desire to maximize "stress" on the aquitard in
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TABLE 5-1

RET 3-4 RUN {1 PUMPING TEST PARAMETERS

DURATION OF PUMPING: From 8-20-86 @ 21:00 to 8-21-86 @ 02:00

(360 min.)
DURATION OF RECOVERY: From 8-21-86 ¢ 03:00 to 8-21-86 @ 16:20
(810 =in.)
COMMENTS
PUMPING WELL: REI 3-4 REI 3-4 48 screencd 28 ft

across the Deep Aguifer. The
top of screen is located
approx. 120 ft belovw the

surface.

PUMP INTAKE LOCATION: 130 £t (approx.) balov the
surface.

OBSERVATION WELLS!:

REX 3-4 Bcreened 25 £t across the Daep
Aquifer (RADIUS = 0.16 ft).

REI 7 Bcreened 18 £ 44 across the
Deep Aguifer (RADIUS = 6£2.67
f£t).

REI 10-1 Screened 25.3 ft across the
Deep Aquifer (RADIUS = 784.360
).

REI 11 Ecreened 16.58 across the Deep
Aquifer (RADIUS = 446.391 ft).

REI 3-) gcreened 14 ft across the -
Alluvial Aquifer.

REI 3-2 Screened S ft across & shallow
wvater-bearing zone, below REX
3-3. :

REI 3-1 Bcreened 10 43 across @&
shallow water-bsaring zone,
below 3-2.

FLOW RATE DATA BUMMARY

Flov Rate From To Comments
(gpm) .
2.8 e-20-86 8-20-86 Designated pumping rate.
€21:00 021:21
2.1-1.65% 8-20-86 0-20-86 Bteady decresse in pumping
021100 €03:07 rate because of decline in
hesnd.
0 8-21-86 . Recovery phase started be-
003107 s cause flow rate would have

caused pump to break suction.

Pumping Rato Monitoring: Dwyer BSeries VFC Visifloat Flowmeter
(range = 0,6 to 6.0 gpnm, accuracy #
0.005.
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the available pumping test duration. However, this high flow
rate could not be maintained constant throughoutA the test
because: 1) the flow rate caused sufficient drawdown to limit
the pumping capacity, and 2) the flow rate exceeded the
specific capacity of the well. This woula have caused the pump
to break suction prior to test completion, if the flow rate had
not been reduced. Discussion on terminating this test began
within 20 minutes after it began, and it was actually
. terminated after approximately 360 minutes of drawdown. Data
from this test were not evaluated for the potential connection
of the zones nor for aquifer characteristics.

5.7 REI 3-4 Run #2 Pumping Test

5.7.1 Purpose. The purpose of this test was the
same as that described for Run. #1, in Section 5.6.1.

5.7.2 Description of Test - The test's operating

parameters and well construction information are described in
Table 5-2. The same observation wells monitored during REI 3-4
Test Run #1 were also monitored in this test. (See Section
5.6.2.) The REI 3-4 Run #2 Test was started using a 1.6 gpm
flow rate which was maintained constant for approximately 28.5
hours. At that time, it became necesséry to adjust the flow to
1.4 gpm to prevent the pump from breaking suction. This 1.4

gpm flow rate was maintained for the remainder of the test.
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TABLE 5-2

REI 3-4 RUN #2 PUMPING TEST PARAMETER

DURATION OF PUMPING: From 8-21-86 # 16:30 to 8-24-86 ¢ 17:00
(4349.7 min.)

DURATION OF RECOVERY: Fron 8-24-86 @ 17:00 to 8-25-86 @ 08:54
(954.580 min.)

COMMENTS

PUMPING WELLt REI 3-4 ‘ REI 3-4 4s screened 25 ft
scross the Deep Aguifer. The
top of screen [ located
approx. 120 £t  bealow the
surface.

PUMP INTAKE LOCATION: 330 ft (approx.) balow the
surfacs.

OBSERVATION WEILLS!

REI J-4 Screened 283 £t across the Deep
Aquifer (RADIUS = 0.16 ft).

REI 7 Ecreened 15 44 across the
Deep Aquifer (RADIUS = 682.67
ft).

REI 10-1 Bcreened 25.) ft across the
Deep Aguifer (RADIUS = 784.360
£t) .

REI 11 Screened 16.58 across the Deep

Aquifer (RADIUS = 446.391 ft).

REI J-2 Screened 14 1t ncross the
Alluvial Aquifer.

REI 3-2 tcreened 5 ft across a shallow

water-bearing tone, below REl :
3-3.

REI 3-1 Ecreened 10 ft across a
shallow water-bearing tone,
below J-2.

FLOW RATE DATA BUMMARY

Flow Rate . From To Comnents
(gpm)
1.6 8-21-86 8-22-36 Designated pumping rate.
€16:30 021:11 Rate remains within 10% of
1.6 gpm.
1.1-1.9 8-22-86 8-22-86 Flov oscilated widely due
f21:1) 21218 to imminent breakage of
suction in the pumping well.
1.4 8-22-86 8-24-88 Flow stabilized. Rats re-
021:18 017100 mained within 2108 of 1.4

gpe. The rate ves increased
to 1.45 Dbetveen 0-24-06
€07:30 and 8-24-U6 012:19.

0 0-24-86 : Recovery phase started based
17:00 on study of drawdovwn curves.

Pumping Rate Monitoring: Dwyer BSeries VFC Visifloat Flowmeter

(range o 0.6 to 6.0 m, accuracy +
©.005. ven v

RESOURCE ENGINEERING —




5.7.3 Results. The level measurement data from the
In-Situ SE-200 Computer were processed into calculation data
sheets for the test, which are provided in Appendix 16. The
drawdown and recovery curves and aquifer characteristics
calculations are shown in Attachment 5.

A, Connection Evaluation - No drawdown

reaction was observed in REI 3-1, REI 3-2, or REI 3-3, during
the 3 day duration of the test, which could be attributed to
drawdown of the Deep Aquifer. Assessment of the fluctuations

observed in these three wells during the test indicates they

were affected by several factors: atmospheric pressure
changes, precipitation, and earth tides. (See discussion of
earth tides in Section 5-10.3). Tidal effects seem to have

been the dominant cause of the fluctuations observed in REI
3-1, REI 3-2 and REI 3-3; however, these effects appear to have
been retarded and sometimes overidden by precipitation events.
In one incident, after a major rainfall event had begun, the
water 1levels in all three wells were observed to rise
signficantly. This recharge response initially occurred in the
shallowest well, REI 3-3, then in REI 3-2 (deeper than REI
3-3), and then in REI 3-1, the deepest. The observed lag time
is probably a function of the difference in the well depths.
The relatively rapid responses of all three wells indicate that
the three 2zones are in weak hydraulic communication. The

surface water pond adjacent to the REI 3 cluster is the
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probable source for both the recharge and intercommunication
between the zones monitored by REI 3-1, REI 3-2 and REI 3-3.

B. Aquifer Characterization - The hydrologic

characteristics of the aquifer were derived from analysis of
the data collected from four observation wells. The values for
the hydrologic characteristics were calculated using methods
described in Section 5.5.3. A summary of the results of those
calculations is presented in Table 5-3. Transmissivity and
storativity were calculated from the drawdown data using the
1.6 gpm flow rate that was maintained during the first 28.5
hours of the tests drawdown period. An adjusted flow rate of
1.4 gpm was maintained for the last 44 hours of the test. In
the recovery data calculations, the adjusted flow rate, Qr =
1.4 gpm was used to determine transmissivity and storativity.

1. Transmissivity = - The transmissivity

of the Deep Aquifer was determined to range from 9.17 x 100
gpd/ft (1.32 x 1076 m2/sec) to 8.89 x 102 gpd/ft (1.28 x 10-4
m2/sec) based on the most representative data. (See the
discussion in Section 5.10.3 for further details). This
relatively large range (almost three orders of magnitude)
indicates that the Deep Aquifer may not be homogenous. The
variations in grain size and thickness documented in the boring
log data (see Appendix 12) also support this conclusion. The
transmissivity values appear to increase areally from REI 3-4
toward REI 11 and REI 10-1 (north). The difference between the

values of the latter two observation wells is relatively small.
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TABLE 5-3
REI 3-4 RUN #2 PUMPING TEST

HYDROGEOLOGIC CHARACTERISTICS SUMMARY

Chservation Analysis Transmissivity(T) Storativity Hwtmﬂh:cmdmxrﬁty(x)
Well Method gpd/ £t m@%af (S) gpd/ fte o/ sec

RET 3-4 o '
Drawdown Log-Log 1.41 x 10+ 2.03 x 1076 10-L . 10-1 2.89 x 10°5

3 X 6.13 x 2
Semi~log  1.53 x 10} 2.20 x 107 2.83 x 10} 6.65 x 10~1 3.14 x 1073

Recovery Log-Iog . 9.17 x 109 1.32 x 1076 - 3.99 x 10~ 1.88 x Y0°5
Semi-log® 9.91 x 109 1.42 x 1078 - 4.31 x 10} 2.03 x 1073
Semi-log® 1.0l x 10} 1.45 x 10~ - - -
REI-11
- Drawdown Log-Log 8.82 x 102 1.27 x 10™% 1.11 x 1074 5.36 x 101 2.53 x 1073
Semi-log  7.94 x 104 1.14 x 107% 8.71 x 1072 4.83 x 10t 2.28 x 1073
8.89 x 102 1.28 x 107¢ 9.76 x 1073 5.41 x 10l 2.55 x 1073
Recovery Log-Log 6.17 x 102 8.87 x 1073 - 3.75 x 10t 1.77 x 10™3
Semi-log® 6.43 x 102 9.24 x 1073 - 3.91 x 10! 1.84 x 1073
_ Semi-log® 7.0l x 102 1.01 x 1074 - - -
RET 7
Drawdown Log-Log - - - - 2 -
Semi-log  1.97 x 103 2.84 x 107 6.07 x 107¢ 1.32 x 10 6.20 x 1073
Recovery Log-Log * * - » *
Semi-log?  2.40 x 103 3.45 x 1074 - 1.60 x 102 7.54 x 1073
Semi-log® 2.78 x 10° 4.00 x 107% - - -
RET 10-1 Log-Log - - - - -
Drawdown Semi-Log  9.89 x 102 1.42 x 10™% 4.69 x 1073 3.91 x 1ot 1.84 x 1073
1.06 x 103 1.52 x 107¢ 8.06 x 107> 4.17 x 10t 1.97 x 1073
Recovery Log-Log 5.63 x 102 8.10 x 107 - 2.23 x 10! 1.05 x 1073
Semi-log?  6.35 x 104 9.13 x 107 - 2.51 x 10t 1.18 x 1073
Semi-log® 6.39 x 102 9.47 x 1073 - - -

* Could Not Determine a - residual drawdown vs. t/t' - b - residual recovery vs. time




2. Storativity - Storativity values

ranged from 8.71 x 1075 to 3.77 x 10”1, confined aquifers
generally exhibit 1low storativities in a range from 1 x 10~3 to
1 x 103, (Driscoll, 1986). The relatively high storativity
value obtained from REI 3-4 may be due to a transition in the
geologic characteristics (e.g., grain size, thickness).

3. Hydraulic Conductivity - The values

for hydraulic conductivity ranged from 3.99 x 10~1 gpd/ft2
(2.89 x 10”5 cm/sec) to 5.4 x 101 gpd/ft2 (2.55 x 10-3
cm/sec) . These values represent an average hydraulic
conductivity; the Deep Aquifer, as identified by boring 1log
data, is stratified (non-homogeneous). Comparisons with the
charts (Attachment 5) provided by both Drispoll (1986) and the
U.S. Department of Interior: Ground Water Manual (1981) show
that this range compares with the hydraulic conductivities of a
silt or sandy silt to a well-sorted, medium-grained sand.

C. Boundary Conditions - An evaluation of

the observation well data and the drawdown and recovery-curve
plots indicates boundary conditions were observed. At first
glance, the 1log-log curve plots of REI 3-4 appear to be
representative of a leaky confined aquifer. The log-log and
semi-log plots of the other observation wells, however, seem to
indicate the Deep Aquifer is non-leaky and is almost an "ideal
aquifer." A more plausible explanation for these apparent

inconsistencies is that REI 3-4 may be located very close to
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where the Deep Aquifer decreases significantly in either
lateral extent, or thickness, and/or experiences changes in
grain size (i.e., located within an area of low
transmissivity). Support for this explanation 1is provided by
the differences in the transmissivity values calculated for REI
3-4 as compared to the values for the other observation wells
(Table 5-3). The REI 3-4 values are two orders of magnitude
lower than the values obtained from REI-11] and REI 10-1.
(Additional information obtained in subsequent tests provided
further supporting evidence that the Deep Aquifer is bounded.)

Thus, apparent leaky conditions observed
in REI 3-4 may have been caused by the influence of a diverse
aquifer which exhibits much higher transmissivities at other
nearby locations and resulting in the observation of an
apparent recharge boundary (Freeze and Cherry, 1979).

5.8 REI 10-1 Run #1 Pumping Test

5.8.1 Purpose - The major objective of this test was
to qualitatively evaluate the potential hydraulic connection
between the Alluvial 2zone and the Deep Aquifer. 1In addition,
characteristics of the Deep Aquifer (transmissivity,
storativity, and hydraulic conductivity) would be determined
from this test. Characteristics of the aquitard would also be
determined, using the field method described in Neuman and
Witherspoon (1972) as shown in Appendix 17, if drawdown
responses were observed in the piezometers installed in the

aquitard.
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5.8.2 Description of Test - The test's operational

parameters and well construction information are described in
Table 5-4. Additional installation and constuction details for
REI 10-1, REI 111, REI 12-1, REI 10-2, REI 10-3, REI 10-4,
P10-2, P10-3 and P10-4 are described in Subsection 5.4. The
installation and construction details for GW-25, REI-7 and REI
3-4 are described in the Remedial Investigation Report June,
1986 for the French Limited Site. The new REI 10 cluster wells
and piezoheters were located to conform with the Neuman-
Witherspoon field test requirements, i.e., at as small radial
distances from the pumping well (REI 10-1) as practically
possible.

A premise of the test design was that
piezometers P1l0-2, P1l0-3 and Pl0-4 would measure any response
through the aquitard, to drawdown in the Deep Aquifer, if
indeed, the aquitard were 1leaky. REI 10-2, REI 10-3, and REI
10-4 were monitored for possible response in the Alluvial Zone,
to drawdown of the Deep Aquifer during the test. The remaining
observation wells (REI-11, REI-7, REI 3-4, REI 12-1) and the
pumping well were monitored to obtain data for determining
aquifer characteristics.

The initially selected flow rate for this test
(20 gpm), which was maintained for the first 12 hours of the
drawdown phase had to be adjusted. At approximately 11 hours

of elapsed time, an increase in drawdown rate was observed in
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TABLE 5-4
REI 10-1 RUN #1 PUMPING TEST PARAMETERS

DURATION OF PUMPING: From 9~15-86 ¢ 13:00 to 9-6-8¢€ ® 16:)30
(16%0.6 min.)
DURATION OF RECOVERY: Prom 9-16-86 ¢ 16:30 to 9-19-86 @ 07137

(3786.6 min.)

PUMPING WELL: REI 10-1 REI-10 is s=mcreensd 25.) ft
across the Deep Aquifer. The
top of screen » located
approx. 122.5 ft below the
surface.

PUMP INTAKE LOCATION: 138 1t (approx.) belov the
surface.

OBSERVATION WELLS:

REI 10-1 Screened 25 ft across the Deep
Aquifer (RADIUS = 0.16 ft).

REX 7 Scresned 18 f44 ucross  the
Deep Aquifer (RADIUS -
1012.704 £¢).

REI 11 Bcroened 16.%58 ft across the
Deep Aquifer (RADIUS = 427.782
L) .

REI 3-~4 Screened 25 £t across the Deep
Aquifer (RADIUS = 784.360 ft).

GW-23% Screened 5 ft across the deep
Aquifer (RADIUS = 66.670 ft).

REI 12~1 Screened 36.5 £t ecross the
Deep Aguifer (RADIUS -
1452.112 ft).

P10-2 Screened 2.01 £t ecross an
intermediate silt (RADIUS =
20.845 ft).

P10-3 Screened 2.00 ft across an
intermediate clay (RADIUS =
20.220 £t).

P10-4 screened 2.00 ft across an
interpediate clay (RADIUS =
20.053 ft).

REI 10-2 Screened 13,75 ft across the

Alluviel Zone.

RELl 10~) Screened 10,30 ft across the
Alluvial Zone.

REI 10-4 Bcreened 12.80 £t across the
Alluvial Zone.

FLOW RATE DATA BUMMARY

Flow Rate rrom To Comzents
(gpm)
19-20.3 9-15-8¢6 9-16-86 Designated pumping rete vas
€13:00 003300 20 gpe, 4t gremained within
10% of 20 gpm.
19-14.8 9-1€-86 9-16-86 TFlow was steadily decreased
€03:00 010:43 so that drawdown 4in the

pumping well would not
exceed S0 ft.

12.0 9-16-8¢ $-16~86 Flow was hed stesdy at 12

010143 013:02 gpPR.
12.0-14.7 9-16-86 9-16-86 TFlow was steadily dincreesed
013302 €16:30 in an attempt to again reach

850 ft of drawdwown in the
pumping well,

0 9-16-86 Recovery phase started.
016:30

Pumping Rate Monitoring: Hydril TMIR 500 digital orifice flov

—aataz, RESOURCE EI[VGI/VEERIIVG——




the pumping well. It later became apparent that, if this
increase continued, the drawdown in the well would pass below
the top of the screen, causing cavitation. The flow rate was
adjusted periodically in order to maintain the drawdown at a
safe level above the screened interval. This test was
terminated after only 27.5 hours of drawdown due to the
observation of an anomoly in the response of REI 10-3.

5.8.3 Results - The level measurement data from the
In-Situ SE-200 computer were processed into calculation data
sheets for the test; these are provided in Appendix 18. The
drawdown and recovery response curve plots, and aquifer
characteristics calculations are shown in Attachment 6.

A. Connection Evaluation -~ Anomolous water

level fluctuations were observed in REI 10-3 during this test.
After 3.5 héurs of elapsed time, the transducer measurements
indicate that REI 10-3 was experiencing drawdown. REI 10-2,
REI 10-3, and REI 10-4 are located within close proximity of
each other and are screened in the same zone; thus, water level
fluctuations of all three wells were expected to be similar.

In comparison, with the possible
exception of a disturbance observed in the initial 10 minutes
of the test, REI 10-2 and REI 10-4 fluctuated synchroneously
from other influences, not associated with the anomaly.

The piezometers Pl10-3 and P1l0-4, which
afe both screened in the clay aquitard, exhibited minor

fluctuations within a 0.03 feet range. The water levels in

5 - 33

RESOURCE ENGINEERING ——




P10-2, however, rose 0.10 feet, in the initial 10 minutes of
the test, and then began to respond somewhat erratically. (The
initial rise may have been caused by the phehonomenum known as
the Noordbergum~‘effect. See Subsection 5.9.3 for a detailed
description of this effect.) An assessment of the fluctuations
in REI 10-3 and P10-2 and those in the other observation wells
was made while this test was in progress.

After reviewing the data, and
deliberating over potential causes and sources for the anomaly,
it was postulated that leakage around an artificial
penetration, located near REI 10-3, was the probable cause for
both the anomaly and the erratic fluctuations observed in
P10-2. The potential for connection between the shallow
Alluvial zone and the Deep Aquifer by leakage through the
aquitard was ruled out because of: 1) the relatively rapid
responses of REI 10-3 and P10-2; and 2) the 1lack of drawdown
response in either Pl10-3 and P10-4. This test was terminated
after 27.5 hours of drawdown. An additional drawdown test was
conducted, after partial recovery of the Deep Aquifer, to
determine whether the observed anomaly could be repeated.
Results of this test, which lasted for approximately 3.5 hours,
were, however, incénclusive. (See Appendix 24)

B. Aquifer Characterization - The hydrologic

characteristics of the aquifer were derived from an analysis of
data collected from six observation wells. The values for the

hydrologic characterics are presented in Table 5=5. The
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x 1073
x 1073

cn/sec

Hydraulic Conductivity (K}
gpd/ft¢

(8

Storativity

m</sec

TABLE 5-5
x 103 2.26 x 107¢ 2.10 x 1074

x 103 1.55 x 107¢% 1.92 x 1074
x 103 2.55 ¥ 1074 2.08 x 1074
x 102 8.83 x 1075 2.01 x 1073
9.67 x 102 1.39 x 1074 6.72 x 10™3
8.12 x 102 1.17 x 1074 5.27 x 10™3

55 x 102 1.37 x 1004 1.24 x 1074
08

Transmissivity (T)
gpd/ft

REI 10-1 RUN #1 PUMPING TEST
9
1

HYDROLOGIC CHARACTERISTICS SUMMARY

Method

Analysis
Iog-Iog -
Semi-log

Log-Log
Semi~log

Drawdown
Drawdown

Drawdown

RET 10-1
GW-25
REI 11
RET 3-¢

Cbhservation

x 1073
x 1073

o~
o«

4 x 10l
7 x 102

n n
o ~

.
-

8 x 103 1.84 x 107¢ 5.96 x 1074
6 x 103 3.39 x 1074 3.71 x 1074

oN ™M

RET 7
Drawdown

T



calculations for transmissivity and storativity values were

made using a 20.0 gpm flow rate. This flow rate was maintained

constant for the first 12.5 hours of the test. The initial
flow rate was maintained within 10 percent: of the 20.0 gpm
rate, until it was gradually decreased, to 18.0 gpm. A + 10

percent fluctuation tolerance. is considered acceptable to
obtain accurate hydrologic characteristics (Stallman, 1983).

For this reason, only the early portion of the data from the

log-log plots and the semi-log plots were considered to be
reliable and useable in the analysis. Recovery data were not
analyzed because of the variable flow rate cduring drawdown.

1. Transmissivity - The transmissivity

of the Deep Aquifer was determined to range from 7.03 x 102
gpd/ft (1.01 x 10-4 m2/sec) to 2.05 x 103 gpd/ft (2.94 x 10-4
mz/sec), based on the most reliable data (from REI-11] and REI
10-1). Transmissivities in this range are characteristic of
aquiférs with a fair to good potential use as a source for
domestic well supplies, but a poor potential for usages
requiring large volumes, such as irrigation; this is based on a
comparison with the table in Attachment 7. See U.S. Dept of

Interior, Ground Water Manual, 1981.

2. Storativity - Storativity values

ranged from 8.65 x 10~5 to 1.24 x 10~4. The values obtained
from GW-25, REI 3-4, REI 7 and REI 12 are not considered to be

reliable. (See Subsection 5.9.3.)
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3. Hydraulic Conductivity - ~ The

hydraulic conductivites ranged from 3.77 x 101 gpd/ft2 (1.78 x
10°3 cm/sec) to 1.24 x 102 gpd/ft2 (5.87 x 10-3 cm/sec.).
These values represent an average hydraulic conductivity; the
Deep Aquifer, as identified by boring log data, is stratified
(nonhomogeneous). Comparisons with the charts (See Attachment
8) provided by both Driscoll (1986) and the U.S. Department of

Interior Ground Water Manual (1981) show that this range is

comparative to the hydraulic conductivity of a well-sorted,
medium-grained sand.

c. Boundary Conditions - An evaluation was

not conducted on the boundary conditions observed in this
test. Flow rates were variable after 12 hours of elapsed time,
so the data éollected after that time cannot be considered
reliable. These are the data necessary to make accurate
interpretations of boundary conditions.

5.9 REI 10-1 Run #2 Test

5.9.1 Purpose - The objective of this test was the
same as that described REI 10-1 for Run #1, in Subsection 5.8.1

5.9.2 Description of Test. The tests operational

parameters and well construction information are described in
Table 5-6. Additional installation énd construction details
for REI 10-1, REI 11, REI 12-1, REI 10-2, REI 10-3, REI 10-4,
P10-2, P10-3 and Pl0-4 are described in Subsection 5-4. The

installation and construction details for REI-7 and REI 3-4 are
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TABLE 5-6

REI 10-1 RUN #2 PUMPING TEST PARAMETERS

DURATION OF PUMPING: TYrom 10-7-86 @ 09:00 to 10-14-86 @ 11:00
- (10210.6 min.)

DURATION OF RECOVERY: From 10-14-86 @ 11:10 to 10-17-8¢ @ 11104
' (4314.8 min.)

PUMPING WELL: REI 10-) REX 10-1 4s screened 25.3 £t
scross the Deep Aguifer. The
top of screen [ located
approx. 122.% gt below the
surface.

PUMP INTAKE LOCATIONG 138 ft (epprox.) below the
surface.

OBSERVATION WELLS:

REI 10-1 Screened 25 £t across the Deep
Agquifer (RADIUS = 0,16 ft).

REI 7 Screened 13 £t across tha
Deep Muifer {RADIUS -
1012.704 £t).

REI 1) gcreened 16.%58 £t across the
Deep Aguifer (RADIUS = 427.782
£t).

REI 3-~4 Screened 25 across the Deep
: Aquiter (RADIUS = 784.360 ft).
REI 12-1 Screened 36.%5 ft across the
Deep Agquiter (RAD1IUS -

1492.112 ft).

P10-2 Bcreened 2,01 ft across an
intermediate silt (RADIUS =
20.845 ft).

P10-3 Screened 2,00 ft across an
intermediate clay (RADIVUS =
20.220 ft)

P10-4 Screened 2.00 ft across an
interpediate silt (RADIUS =
20.0%) ft).

REI 10-2 Bcreened 13.75 £t across the
Alluvial Aquifer.

REI 10-3 Screened 10.30 £t across the
Alluvial Aguifer.

REI 10-4 Bcreened 12,80 £t across the

Alluvial Aquifer.
FLOW RATE DATA BUMMARY . )

Tlow Rate
(gpm)

unknown

17

40

17

Puzping Rate Monitoring: Flow rate was
discharge with a 8

rrom
10-07-88
€09:00
10-07-86
011:458

10-07-86
018308

10-07-86
0108:09

10~14-86
€11110

To
10-07-86
0311148
10-07-86
.%0:08

10-07-86
018109

10-14~-86
011:10

coxments

Flov meter was not working

Flow was measurad with a 5
gsllon bucket, and remained
within 10% of 17 gpnm..

Flow was raised for one
sinute in an effort to (flush
out the flov meter.

Flov vas measured vith a 8
gallon bucket, and remained
within 108 of 17 gpm for the
renmainder of the test.

Recovery phase started.

measured at the purmp
galion bucket and

stop wvatch (accuracy = 0.2 gpm).
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described in the Remedial Investigation Report of June, 1986
for the French Limited Site. GW-25 was removed from service
prior to this test run, and thus was not monitored.

During this test, a malfunction in ‘the flow
meter used to monitor flow rate from the pumping well was
discovered after approximately 4 hours of elapsed time. It is
not known whether this malfunction occurred before the test
began or sometime during the initial 4 hours of the test. A 17
gpm flow rate with + 10 percent fluctuation was maintained,
-using a calibrated bucket and a stop watch for the remainder of
the test.

5.9.3 Results - The 1level measurement data from the
In-Situ SE-200 computer was processed irto calculation data
sheets for the test which are providecd in Appendix 19. The
drawdown and recovery response curves plots, and aquifer
characteristics calculations are shown in Attachment 9.

A. Connection Evaluation - No significant

(drawdown) reaction was observed in the alluvial wells (REI
10-2, REI 10-3, and REI 10-4) or piezometers (pio-a and P10-4),
that could be attributed to the 7 days of drawdown in the Deep
Aquifer. Some nonrelated water level fluctuations were
observed, however.

An assessment of the water level
fluctuations, in the shallow wells REI 10-2, REI 10-3, and REI

10-4 and the piezometers P10-3 and P1l0-4, indicates there are
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probably three major influences which caused the fluctuations
observed: recharge by precipitation, barometric pressure
changes, and earth tides.

Recharge from precipitation events was
observed in the shallow wells when water levels rose after
significant rainfall events. The on-site 1lagoon 1is the
probable source of hydraulic communication causing the response
to precipitation in the shallow wells. Little or no responses
were observed in the piezometers which could be attributed
directly to the precipitation events.

Major changes in barometric pressure
appear to have caused some level changes in the shallow wells.
The lack of any significant response to small barometric
changes can be attributed to the fact that these wells are
screened in a weakly confined water-bearing zone. Piezometers
P10-3 and Pl0~4 do not appear to have responded to any
barometric pressure changes.

Earth tides appear to have been the cause
for many of the fluctuations observed in the shallow wells.

The Dictionary of Geologic Terms (American Geologic Institute,

1976) defines an earth tide as "the rising and falling of the
surface of the solid earth in response to the same forces that
produce the tides of the sea." These tides are recognizable by
their semi-daily «cycle (1 day = 24 hours, 20 minutes).
Semi-daily cycles in water level fluctuations were observed in

both the shallow wells and Pl10-2. These cycles were more
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evident in the shallow wells, perhaps because of their
hydraulic connection to the nearby surface impoundment.
Influences by earth tides on water level fluctuations have been
described and documented in the technical 1literature (e.gqg.,
. Theis, 1939).

The fluctuations in P10-2 water 1level are
more complex. In the early 1 to 5 minutes of the test, a rise
in the water level was observed. For the remainder of the
drawdown phase, its fluctuations appear to have been influenced
by similar factors affecting the other shallow wells. Then, at
the end of the drawdown phase, a drop in the water level was
observed when the pump was turned off. These apparent
responses to the starting and stopping of the pump may be
attributed to the "Noordbergum effect" (Verruijt, 1969; and
Wolff, 1970). This effect 1is described as a response to
increases in the pore pressure within finer grained sediments
of strata. The strain induced by the initial pumping of an
aquifer, or by the turning the pump off, is transferred across
the finer grained confining strata, causing the water 1level of
wells screened in the strata to rise. P10-3 and P10-4 may have
also been influenced later in the test by this effect.

B. Aquifer Characterization - The hydrologic

characteristics of the aquifer were derived from analysis of
the data collected from five observation wells during the REI
10-1 Run #2 test. The resulting values for the hydrologic

characteristics are shown in Table 5-7.
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1.90 x 1073

an/sec

Hydraulic Conductivity (K)

gpd/fte

4.03 x 10l

)

Storativity

me/sec

TA!uE 5-7

REI 10-1 RUN #2 PUMPING TEST

HYDROLOGIC CHARACTERISTICS SUMMARY
103 3.06 x 107¢
102 1.13 x 1074

102 1.19 x 1074
x 103 1.83 x 107¢ 1.14 x 1074

x 102 1.18 x 107¢ 1.17 x 10~¢
x 102 9.12 x 1075 1.73 x 10™¢

Transmissivity(T)

27
23
34

»
-
.

1.02 x 103 1.47 x 100¢ 1.31 x 104

1l
8
6

Method gpd/ft

Analysis
Log-Log
Semi-log

Log-Log
Semi-log

RET 10-1
REI-11

Cbservatian

x 102 1.22 x 107
x 104 1.12 x 10™¢
x 102 1.15 x 104

1
1
0

N mo
ot~ o

7 x 107¢
6 x 1074

2.11 x 10-3
1.48 x 103
1.43 x 1073
1.91 x 1073
1.73 x 1073

x 10l
x 1ol
x 1ol

4.05 x 1ot
3.66 x 10t
1.31 x 10t
1.22 x 10t

b - residual recovery vs. time.

.28 x 1073

o4
.46 x 1075 3

1.30 x 10

102 6.92 % 1075 4.45 x 1075

102 1.21 x 107¢
102 6

1024 1.34 x 107¢
x 103 2.67 x 107¢ 5.77 x 107

x 103 2.36 x 107¢ 4.25 x 10~4

x 103 1.48 x 1074
x 102 1.04 x 1074
x 102 1.00 x 1074
x 103 2.26 x 1074
x 103 3.45 x 107¢

.78 x 103 4.00 x 1074

1 x
9 x

6
4

57
40
8
4

.8
.6

a - residual drawdown vs. t/t!

1
1
1
2
2
4
4

Log-Log
Semi-log?
Semi-log®
Log-Log
Semi~-Log
Not analyzed

Log-Log
Semi-log

Drawdown
* Could Not Determine
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1. Transmissivity - The transmissivity

values were calculated from the drawdown data based on the
assumption that a constant 17 gpm flow rate was maintained
throughout the drawdown test. See the discussion in vgubsection
5.9.2. The same assumption was made for analyzing the recovery
data.

Transmissivity of <the Deep Aquifer
was determined to range from 7.81 x 102 gpd/ft. to 2.13 x 103
gpd/ft based on the most reliable data (from REI 11 and REI
10-1) of this test.

2. Storativity - Storativity values

ranged from 1.14 x 104 to 1.73 x 10-4. The values obtained
from REI 3-4, REI-7 and REI-12 are not considered to be
reliable.

3. Hydraulic Conductivity - The values

for hydraulic conductivity ranged from 3.28 x 101 gpd/ft2 (1.55
x 10°3 cm/s) to 8.41 x 10l gpd/ft2 (3.97 x 10-3 cm/s). These
values represent an average hydraulic conductivity because the
Deep Aquifer, as identified by boring log data, is stratified.
(nonhomogeneous). Comparisons with <the charts (Attachment 8)
provided by both Driscoll (1986) and the U.S. Department of

Interior, Ground Water Manual (1981) show that this range is

comparative to the hydraulic conductivity of a well-sorted,

medium-grained sand.
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C. Boundary Conditions - An evaluation of

the observation well data and the curve plots indicate a
negative boundary was observed. The log-log plots all
generally yield curves that approach the "ideal aquifer" type
of curve. The lithologic data in boring logs indicate that the
Deep Adquifer underlying the French Limited site is stratified
and consists of various grain sizes; thus, it is not ideal.

When the residual-drawdown plots (Hres
vs. t/t') of the observation wells are extended towards the
origin, all generally intercept the abscissa below the origin,
where the ordinate approaches 1. This is representative of a
bounded agquifer, i.e., an aquifer of 1limited extent (after
Driscoll, 1986).

The transmissivity wvalues determined for
REI 3-4 from this test are two orders of magnitude higher than
those obtained in the REI 3 cluster test (Table 5-3). This was
probably caused by the apéarent nearby negative boundary
conditions which will yield higher than normal transmissvity
values in wells located near the boundary because of excessive
drawdown (Driscoll, 1986).

5.10 Conclusion from Deep Acquifer Pumping Tests

5.10.1 Connection Evaluation - The purpose of these

Deep Aquifer pumping tests was to determine whether a confining
layer exists between the Alluvial 2one and the Deep Aquifer

which hydraulically isolates these two units. A possible
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hydraulic connection of these two units had been postulated
after trace contamination was identified in samples collected
from monitor well GW-25, which was screened in the Deep Aquifer.

The 1986 Deep Aquifer pumping tests do not
provide evidence to support the conclusion that the two units
are hydraulically connected within the near vicinity of the
French Limited site. Rather, the data support the conclusion
that an aquitard (or aquitards) lies between the Alluvial zone
and the Deep Aquifer, thereby isolating the two units, within
the near vicinity of the French Limited site.

Evaluation of the final test data showed no
drawdown responses during any of the tests in either the
piezometers Pl10-2, P10-3, P1l0-4, screened in a shallow
confining clay aquitard between the -two units of intefest or
the observation wells, REI 3-1, REI 3-2, REI 5-3, REI 10-2, REI
10-3, REI 10-4, screened in the Alluvial and other shallow
zones, while stressing it with Deep Aquifer drawdown. The
Neuman-Witherspoon field method could not be utilized to
determine the hydraulic properties (hydroleogic characteristics,
such as hydraulic diffusivity) of <the aquitard because no
drawdown responses were observed in any of the piezometers
during the REI 10-1 Run #2 test.

Observation made during REI 10-1 Run #1
indicated <that REI 10-3 quickly responded to the pumping of the
Deep Aquifer. Similar responses were also observed, though to a

lesser degree, in REI 10-2, REI 10-4, and P10-2. An evaluation
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of these responses postulated that an artificial penetration,
located very near REI 10-3, was at least one possible source
for the anomolous responses. The artificial penetration
(GW-25) was driiled out. and sealed with a cement-bentonite
grout, after review of all pertinent data and performance of
another test for the anomolous response. This test produced
inclusive results. After equilibration of the aquifer, REI
10-1 Run #2 was performed; no drawdown responses were observed
in either the shallow Alluvial zone wells (including REI 10-3)
or the piezometers. During Run #2 water 1levels in REI 10-3

fluctuated similarly to REI 10-2 and REI 10-4, while during

'Run #1, the behavior of the fluctuations in REI 10-3 was

significantly different in comparison to REI 10-2 and REI
10-4. These different results, in Run #1 and Run #2, provide
additional support to the conclusion that 1leakage through the
artificial penetration, 1located near REI 10-3, caused the
anomaly observed.

5.10.2 Aquifer Characterization - A description of

the Deep Aquifer hydrologic characteristics (transmissivity,
storativity, hydraulic conductivity) based on the data obtained
in all of the pumping test is contained in the individual
results sections.

The aquifer characteristics determined from
some of the observation wells may not be reliable or

representive of the aquifer. Some of the values determined
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from REI 3-4 may not be reliable because of its apparent
location with respect to a transition in the Deep Aquifer. The
high transmissivity values obtained from REI 3-4 in the REI 10
cluster tests were the result of the artificially greater
drawdown observed at this location.

Values from REI-7 are not reliable because it
is only partially screened across the upper portion of the Deep
Aquifer. This is the cause for its delayed response, relative
to its radial distance from the pumping well, in comparision
‘with the initial responses and radial distances for the other
6bservation wells.

REI 12-1 has the greatest radial distance of
all the observation wells. It is also 1located where the Deep
Aquifer increases in thickness. Because of these factors, the
characteristics determined fronm REI-12-1 may not be
representative of the Deep Aquifer underlying the French
Limited site.

A. Transmissvity - The transmissivity values

obtained from the most reliable data fall within the narrow
range (less than one order of magnitude) of difference from
6.17 x 102 gpd/ft to 2.05 x 103 gpd/ft. Transmissivities in
this range are generally characteristic of aquifers with a fair

to good potential use as sources for domestic water supplies.
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Transmissivities from REI 3-4 ranged from
9.17 x 100 gpd/ft to 1.03 x 103 gpd/ft, with a difference of
more - than two orders of magnitude. The lower values determined
from the REI 3-4 Run #2 test dgta are considered to be more
representative of the aquifer at that location. These lower
values, ranging from 9.17 x 100 gpd/ft to 1.53 x 10l gpd/ft;
are indicators of a significant difference in transmissivity
within the Deep Aquifer, i.e., an apparent negative boundary
condition.

B. Storativity - The storativity values

ranged widely from 3.28 x 105 x 3.77 x 10"l., The high value
(obtained from REI 3-4, in the REI 3-4 Run #2 test) seems to be
an anomaly in comparison with other values considered
reliable. However, the presence of higher transmissive zones
at REI 11 and REI 10-1 would have caused recharge to the lower
transmissive area near REI 3-4. This would then result in
artificially high storativities (after Driscoll, 1986).

C. Hydraulic Conductivity - The hydraulic

conductivies obtained from the test data vary over a range of
nearly three orders of magnitude. Some of the results may not
be representative because of assumptions made in determining
the éaturated thickness (see Subsection 5.5.3). The hydraulic
conductivity value from REI 12-1 and REI-7 are not considered

to be representative of the Deep Aquifer.

5 = 48

RESOURCE ENGINEERING ——




Using thé more reliable data, the
hydraulic conductivities, ranged from 3.99 x 10"l gpd/ft2 (1.88
x 1075 cm/sec) to 1.24 x 102 gpd/ft2 (5.87 x 10-3 cm/sec) The
former value was obtained from REI 3-4, in the REI 3-4 Run #2
test; the latter was obtained from REI 11, in the REI 10-1 Run
#1 test. Comparisons with the charts (See Attachment 8)
provided by both Driscoll (1986) and the U.S. Department of
Interior: Ground Water Manual (1981) show that this range is
comparative to the hydraulic conductivities ranging from a silt
to a well-sorted, medium-grained sand.

5.10.3 Boundary Conditions - The data from all the

tests seem to support the interpretation that a transition
occurs in the Deep Aquifer, in the proximity of REI 3-4. This
caused a bounded aquifer response in many of the observation
wells. This interpretation offers a plausible explanation for
the large differences in the specific capacities of REI 3-4 and
REI 10-1, indicated by the different optimum pumping rate used
in each respective test, as well as many other observations
made from the data.

5.11 Monitor Well GW-25 Removal

5.11.1 Removal Decision Basis - During the 1986 Field

Investigation, several factors indicated that monitor well
GW-25 - could be a possible source of vertical leakage between
the shallow Alluvial zone, and Deep Aquifer. These factors are

as follows:
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® First, during the initial attempt to
perform the "REI 10 Cluster" pumping test, a shallow Alluvial
zone response was observed in monitor well REI 10-3 after
pumping from the Deep Aquifer. This REI 10-3 response occurred
promptly after the pumping test created drawdown in GW-25.
Efforts to confirm the anomolous response in REI 10-3 were mgde
by performing a second test, after partial equilibration of the
aquifer. This test proved to be inconclusive. See Section 5.8
for a complete description of this activity.

o Secondly, Deep Acuifer wvater leVel
measurements were taken on August 19, 1986 and a groundwater
potentiometric map prepared as described in Subsection 5.4.
The map showed that a minor "mounding" effect was ocurring in
the GW-25 area (Plate 3, Attachment 3).

) Third, analysis (GC/MS) of groundwater
samples from six (6) Deep Aquifer monitor wells was performed,
and the GW-25 well sample reported the presence of trace
contamination, while the other wells sampled indicated no
pertinent contamination concentrations. This investigation is
reported in Section 5.12 of this report..

Upon review of these results, a field decision was
made to remove and seal monitor well GW-25. The procedure
used, and the findings, as this decision was implemented, are
described in the following subsection. GW-25 was installed on

May 15-18, 1984,
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5.11.2 Removal Procedure and Findings = The

objectives of GW-25 well removal were to resolve the question
of leakage from the shallow Alluvial zone into(the Deep Aquifer
via this artificial conduit, and to observe details of GW-25
construction so that potential reasons for this downward
leakage could be noted.

The planned method to achieve this was to
drill a boring of sufficient diameter to remove all PVC and any
original grout from the borehole, and to fill the resulting
hole to ground surface with an impervious cement and bentonite
grout. The original boring was ten (10) inches in diameter to
a depth of 58 feet to accommodate the surface casing, and six
(6) inches in diameter from a 58-foot depth to 152 feet below
the surfacé. To ensure that the drill bit used to destroy the
well would not be deflected away from the well, a 1 foot long
guiding rod was welded to the nose of the 5.5 inch diameter
bit. This rod f£fit inside the PVC well pipe to guide the drill
and maintain center. It was planned that after the PVC pipe
had been removed, the boring would be reamed with a 12 or 14
inch diameter drill bit to remove the 6-inch diameter surface
casing, and any remaining grout. After the boring had been
reamed into natural materials, it was planned that the hole
would be tremie grouted ¢to the surface with a mixture of 96%

cement and 4% bentonite jel (by weight).
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All removed materials and fluids were to be
disposed of in the French Limited Lagoon. The removal of GW-25
was begun on September 19, 1986 and the final seal grouting
completed on September 29, 1986.

The actual removal was performed using a mud
rotary drill rig, under  the supervision of an REI
hydrogeologist. The actual well removal procedures were
adjusted from the planned methods as field decisions were made
based on conditions encountered. Decisions which affected the
removal methods were made by the REI hydrogeologist in
consultation with the driller, the PRP representative, and
other REI engineers. These adjustments from planned procedures
were primarily aiﬁed at maintaining the drilling within the

original well boring.

all equipment used, observations, and
decisions were documented in a field book. Photographs of
crucial portions of the removal process were taken. Samples of

well and grout materials brought to the surface were retained
and inspected for signs of degradations.

During the drilling out process, it was found
that the grout material was not providing an effective seal
around the well'casing and piping. Based on these observations
it appeared- that downward leakage from the shallow Alluvial
zone to the Deep Aquifer could have occurred because of an

inadequate grout seal of the well annulus.
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A detailed 1log of the GW-25 drilling and grout
process, and the observations regarding conditions found, is
shown in Appendix 20.

5.12 Deep Aquifer Ground Water Analysis

5.12.1 Introduction - The 1986 Field 1Investigation

installed three (3) additional Deep Aquifer Monitoring Wells
for use in the various Deep Aquifer assessment tasks (REI
10-1, REI 11, REI 12-1). Installation and development of the
new wells was performed as described in Subsection 5.4.

A Deep Aquifer Grouhd Water Analysis task was
then implemented, which included the sampling of a total of six
(6) monitor wells (REI 3-4, REI 7, REI 10-1, REI 11, REI 12-1
and GW-25). See the French Limited Site Map shown on Plate 1
in Attachments 1, for the 1location of these wells. Ground
Water Samples were analyzed by GC/MS for priority pollutants.
Apprbximate distances to each monitor well 1location from the
nearest lagoon shoreline, and its direction from the lagoon,

are shown as follows:

Distance From Direction

Well Number Lagoon (Feet) Frrom Lagoon
REI 3-4 650 South
REI 7 200 South
REI 10-1 75 South
RETI 11 230 South
RETI 12-1 490 North
GW-25 50 South
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5.12.2 Sampling and Analysis - Prior to sampling,

each well was purged of a minimum of three well volumes of
water. Samples were collected using a Teflon bailer which was
decontaminated prior to each use in accordance with standard
procedures described  in the French Limited Remedial
Investigation Report of June, 1986. All sample containers used
were specially prepared, sealed and lakeled for 1laboratory
analysis. Analytical parameters consisted of GC/MS priority
pollutant Volatiles, Acid Extractables, and Base/Neutral
Extractable Fractions.

5.12.3 Analytical Results - A summary of the

analytical results of the groundwater sampling is provided in
Table 5-8. The laboratory analytical reports are provided in
Attachment 21.

5.12.4 Conclusions = The analytical data indicate

that monitoring wells REI 3-4, REI 7, 'REI 11, and REI 12
contained no detectable concentrations ©of contaminants that
were considered pertinent to the assessment. A concentration
of 140 ppb of bis(2 ethylhexyl)phthalate) was reported at REI
-7, but this was discounted because it is a common component of
PVC piping materials. Monitor Well GW-25 was sampled during
the 1984 and 1985 well sampling program and found to show trace
contamination. As a result, REI 10-1 was installed 75 feet
from GW-25 to assist in assessing the extent of that trace

contamination.
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Table 5-8

Deep Acuifer Ground Water Analytical Results

Parameter Monitor Well

RET 3-4 REI 7 REI 10-1 REI 11 REI 12 GW-25
Volatile Organics (ug/1l)

Benzene ND ND ND ND ND 101
Chloroethane ND ND ND ND ND 56.1
1,1-Dichloroethane ND ND ND ND ND 87.1
Ethylbenzene ND ND ND ND ND 16.1
Toluene ND ND ND ND ND 42.0
1, 2-Trans-dichloroethylene ND ND ND ND ND 17.8
vinyl chloride ND ND ND ND ND 226
Acid Fraction (ug/1)
2,4-Dimethylphenol ND ND ND ND ND 3.15
Phenol ND ND 4.16 ND ND 89.2
Base/Neutral Fraction
(ug/1)

Bis (2-ethylhexyl)

phthalate ND 140 ND ND ND 11.7
Napthalene ND 140 ND _ ND ND 7.83

Note: All cother priority pollutant parameters reported not detected (ND)
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The 1986 sample from GW-25 was found to
contain a total of 546.0 ppb volatiles, 92.0 ppb acid
compounds, and 19.6 ppb base/neutral compounds. REI 10~1 was
found to contain 4.2 ppb of phenol.

These data, in conjunction with the known
characteristics of the lower aquifer, indicate that
contamination at GW-25 is probably the result of a vertical
leak at that location. The 4.2 ppb of phenol found in REI 10-1
is probably the result of extended purging during the well
development phase drawing contaminants from GW-25. If general
contamination of the lower aquifer existed, REI 10-1 would be

expected to contain much higher contaminant concentrations.
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6.0 SHALLOW ALLUVIAL ZONE ASSESSMENT

6.1 Purpose - The objective of the REI 3-3 pumping test

was to determine the hydrologic characteristics of the shallow

Alluvial zone (transmissivity, storativity, hydraulic
conductivity).
6.2 Scope - An aquifer characterization test was con-

ducted at the REI 3-3 well cluster in 1985, and described in
the French Limited Site Remedial Investigation Report of June,
1986. This pumping test was of short duration (approximately
73 minutes) and was based on using only 2 observation wells.

The task for the 1986 Field Investigation was
designed to repeat the test at REI 3-3, using 3 observation
wells and extending the test duration to approximately 15 hours.

6.3 Pumping Test Procedures

6.3.1 Pre-Test Activities - Before the start of the

pumping test at REI 3-3, the following preparatory tasks were
performed.

An additional observation point for the
pumping test was provided by installing a new well, REI 3-5
approximately 40 feet from REI 3-3. This well was screened
across the same zone as REI 3-3 and piezometer P 3-3. The
description of its construction is provided in Appendix 12 and
its boring log is provided in Appendix 13. The well was fully
developed, in accordance with procedures described in the

French Limited Site Remedial Investigation Report of June, 1986.
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A second step in the pre-test activities was
selection of a test flow rate which would provide adequate
stress for determining aquifer characteristics. The specific
capacity data that had been derived from the previous REI 3-3
pump test (described in the Remedial Investigation Report; June
1986) was used. A 3.0 gpm flow rate was selected and used in
the 1986 test.

An electric submersible pump was installed in
REI 3-3, with dedicated hoses and polypropylene rope secured
together by nylon ties. This pump had been decontaminated
prior to installation. Clean disposable gloves were worn when
handling both the pump and the hose to prevent the addition of
artifactual constituents to REI 3-3.

Water level measurements were taken from REI
3-3, REI 3-5, and P 3-3 before and after the pump was installed
to determine backgfound static water levels. The equilibration
of the water level in REI 3-3 after pump installation was also
monitored.

6.3.2 Test Execution - Immediately before starting

the test, all watches used in the test were synchronized for
time accuracy. After the pump was started discharge flow was
regulated to the specified 3.0 gpm flow rate, within 1less than
1 minute of the starting time.

The flow rate was monitored constantly during
the initial and critical 2 to 3 hours. During this period,

readings were collected and documented approximately every 5 to
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10 minutes on the appropriate record sheets. After this
initial period, the flow meter breadings were documented
approximately every 15 to 30 minutes through the remainder of
the test. Adjustments were made throughout the test, as
necessary, to maintain the flow rate to within 10 percent of
the 3.0 gpm rate.

Drawdown and recovery data were collected from
REI 3-3, REI 3-5, and P 3-3 during the test. The changes in
the water levels of these three observaticn wells were measured
with a dedicated Well Wizard Series 6000 well sounder at each
well. Experienced pump test personnel collected these
measurements on logarithmic time intervéls as directed by the
on-site hydrogeologist. These readings were collected with a
+0.01 ft. accuracy objective, and were documented on
appropriate record sheets for each well.

Progress of the pumping test was monitored by
plotting data as it was collected during the test, on 1log-log
and semi-log graph paper.

6.3.3 Post-Test Activities) - After field activities

were completed, the drawdown and recovery data were computed
with a programmed Hewlett-Packard HP-41CX. These data were
checked for errors as part of quality assurance. The computed
data were then plotted by hand on K+E 8-1/2 x 11 log-log and
semi-log graph paper for analysis. These plots were also

checked for accuracy.
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The two methods of analysis for the drawdown
data were the Theis non-equilibrium solution (Theis, 1935;
Health and Trainer, 1981) and the time vs. drawdown
modification to the Theis non-equilibrium solution by Cooper
and Jacob (Driscoll, 1981). The recovery data were also
analyzed by both of these methods, using the assumption of
Theis' corollary, and the residual drawdown plot solution
(Driscoll, 1981).

For the 1log-log plots, +the resulting curves
were matched using a reversed type.curve provided in the U.S.

Department of Interior: Ground Water Manual, A Water Resources

Technical Publication (1981; Figure 5-5). Only the portion of
each curve plot considered to be reliakle was utilized in the
hydrogeologist's interpretation of where the curve matched the
type curve.

For the semi-log plots, the most reliable data
was selected to identify a straig”t-line intersect from the
plots. In some cases, two intersécts were identified and
considered to provide a range. ?

The aquifer charactéristics were  calculated
using the data obtained from the plqts. The formulas used are
specifically cited by each solutioﬂ method employed. Some
additional data necessary for the c?lculations, such as the

flow rate (Q), were taken from the pumﬁing test results.

|
|
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The saturated thickness of the aquifer (b) was
 determined using the screen length of e:zch observation well for
consistency.

Results for transmissivity and  hydraulic
conductivity ‘were expressed in both knglish Standard Units and
SI-Metric units for convenience.

6.4 REI 3-3 Pumping Test

6.4.1 Description of the Test - The test's

operational parameters ahd observation well information are
described in Table 6-1. Installation and construction details
for REI 3-5 are provided in Appendix 12. The installation and
construction details for REI 3-3 and P 3-3 are provided in the
Remedial Investigation Report (June, 1986) for the French
Limited site.

REI 3-3, REI 3-5, and P 3-3 are all screened across
the uppermost unit of the Alluvial zone. This shallow unit was
previously described in the Remedia} Investigation Report
(June, 1986) as being unconfined. At!fhe time the 1986 pumping

i

test was conducted, this unit appeared | to be confined, or at
|
least semi-~confined, at the REI 3 | cluster 1location. This

observation is based upon the static water level measurements

collected from the observation wells Eprior to beginning the
J

|

cluster (approximately 60 to 100 feet away) is probably

test. The surface water pond, located adjacent to this well

responsible for these conditions. A significant recharge

boundary was observed at 55 to 60 miriutes into the test, as
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TABLE 6-1

TEST NAME: REI 3-3 PUMPING TEST

DURATION OF PUMPING:

From 8-11-86 @

1830 to 8-12-86 @ 0915

(885 minutes)

DURATION OF RECOVERY: From 8-12-86 @

(135 minutes)

PUMPING WELL: REI 3-3

PUMP INTAKE LOCATION:

OBSERVATION WELLS:

REI 3-3

REI P-3-3

REI 3-5

FLOW RATE DATA SUMMARY

Flow Rate From To
(gpm)
3.0 8/11/86 8/12/86
@ 18:30 @ 09:15

Pumping Rate Monitoring:

0915 to 8-12-86 € 1130
COMMENTS
REI 3-3 is screened 14 ft

across the Alluvial zone. The

top of screen 1is located 8.5
ft below the surface.

18 ft (approx.) below the
surface.

Screened 14 ft across the
Alluvial 2zone (RADIUS = 0.16
ft).

Screered 14 ft across the
Alluvial zone (RADIUS = 12.42
ft).

Screered 15 ft across the
Alluvial zone (RADIUS = 39.33
ft).

Comments

Flow| was maintained within
+10% |of

3.0 gpm.

|
Dwyeé Series VFC Visifloat

Flowneter (range = 0.6 to 6.0
gpm, accuracy +0.005).
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represented in the log-log and semi-log drawdown plots from the
observation wells. The surface water pond would appear to be
the 1likely source for the observed recharge. This recharge
boundary was also observed in the REI 3-3 pumping test,
conducted during the 1985 field investigation.

6.4.2 Results - The hydrological characteristics of
the shallow Alluvial zone were derived from an analysis of data
collécted from three observation wells. The values for the
hydrologic characteristics are presented in Table 6-2. The
calculations for transmissivity and storativity values were
made using a 3.0 gpm flow rate. This flow rate was maintained
constant with *10 percent or 1less fluctuation throughout the
drawdown phase of the test. Recovery data were also analyzed
for the determination of characteristics.

A. Aquifer Characteristics

1. Transmissivity +~ The transmissivity

of the Alluvial zone was determined to range from 2.42 x 102
gpd/ft. (3.48 x 10-5 m2/sec) to 1.58 x 103 (1.58 x 1074
mz/sec), based on the most reliable data from REI 3-5.
Transmissivities in this range arelcharacteristic of aquifers
with a fair to good potential use as a.source for domestic well
supplies, but poor potential fo# usages requiring large
volumes, such as irrigation; this is bésed on a comparison with
the table in Attachment 7. (Soufce: U.S. Department of

Interior, Ground Water Manual, 198l). The transmissivity
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TABLE 6-2

REI 3-3 Pumping Test - Hydrologic Characteristics Summary

Hydraulic Conductivity (K)

gpd/ft2

Transmissivity (T)

can/sec

Storativity
(S)

m¢/sec

Analysis
Method gpd/ft

Observation
Well

REILI 3-3

*
1.75 x 10~3

* * * *
5.21 x 102 7.49 x 1075 3.66 x 100 3.72 x 101

Log-1og
Semi-Log

Drawdown

.41 x 1073
.26 x 1073
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values obtained from REI 3~-3 are somewhat less, but generally
fall within the range of values from REI 3-5, The values from
P 3-3 are significantly lower than both REI 3-3 and REI 3-5.

These values may be artificially lower because of its
relatively shorter distance from the surface water pond as
compared ¢to the other wells. The location of an observation
well near a recharge source will cause transmissivity wvalues to
be artificially 1lower (Driscoll, 19¢&1). This is opposite of
the effect which would be caused hy a negative boundary
condition, as observed in the Deep Aquifer pumping tests at the
REI 10 cluster.

2. Storativity -~ The storativity values

obtained ranged from 1.30 x 1073 (from REI 3-5) to 3.66 x 100
(from REI 3-3). The latter value, because it is greater than 1
(an impossible value) indicates that significant recharge
occurred during the test (Driscoll, 1981). Using the most
reliable data, the highest storativify value obtained was 9.31
X 10‘3. The overall range of these storativities would be
considered to be relatively high for a confined aguifer.

3. Hydraulic Conductivity - The

reliable values for hydraulic conductivity ranged from 3.72 x
101 gpd/ft2 (1.75 x 10~3 cm/sec) to 7.07 x 10l gpd/ft2 (3.33 x
1073 cm/sec). These values represeht an average hydraulic
conductivity; the Alluvial zone is stratified (non-homogenous)
as identified in the boring 1log data. Comparison with the

charts (see Attachment 8) provided by both Driscoll (1986) and
|
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the U.S. Department of Interior: Ground Water Manual (1981),

shows that the range compares with the hydraulic conductivity
of silty sand of fine-grained sand.

6.5 Conclusions REI 3-3 Pumping Test - The aquifer

characteristics for the shallow Alluvial 2zone may be best
| represented by those values obtained from REI 3-5. The values
from REI 3-3 generally support the data obtained from REI 3-5;
however, because REI 3-3 was utilized as the pumping well
during the test, the values from it would have to be considered
to be less reliable than values from observation wells.

‘The results obtained from P 3-3 cannot be considered
reliable because of its proximity to an apparent recharge
source (the surface water pond). 1In particular transmissivity
values, were found to be much 1lower than the other two
observation wells; this is probably the result of recharge
rather than a variation in.characteristics.

Detailed construction details apparently do not exist
for P 3-3, In order to solve for hydraulic conductivity, an
assumed value of 14.0 ft. (the same as REI 3-3) was used for
the saturated thickness (b), irnn the calculations. The
transmissivity values indicate the Alluvial zone has a fair to
good potential use for domestic wegter supplies, but a poor
potential use for larger volume usages?such as irrigation; this

is based on the comparison with the table in Attachment 7.

6 - 10
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The storativity wvalues from the test are not
' considered to be reliable, i.e., representative of the Alluvial
zone, because of the recharge conditions observed. A
significant recharge boundary was observed initially at 655 to
60 minutes into the test. The sui'face water pond, located
adjacent to the REI 3 well cluster, is considered to be the
likely source for the recharge conditions.

The hydraulic conductivities determined from the
results of the tests are comparative to the hydraulic
conductivity of a silty sand or fine-grained sand. The boring
logs of REI 3-5 and RETI 3-3 generally supports this
identification.

The aquifer characteristics were determined based on
the assumption that confined aquifer conditions had existed at
the time of the test, as was indicatad by data collected prior
to the test. Previously, the upper unit of <the Alluvial zone
had been ‘expected to be unconfined. It would appear, then,
that the confined conditions observed at the REI 3-3 may be
localized, due to the effects of the %urface water pond. It is
also possible that, because of the apparent hydrologic
connection between the shallow zone and the surface water pond,
seasonal fluctuations of the water leve} in the surface water
pond caused by precipitation, may cause the condition of the
shallow zone to vary from confined to unconfined periodically.
Thus, when this variation occurs, it then can also be assumed

that the aquifer characteristics may also wvary to some degree

6 - 11
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from those values obtained during this test. Given - that
"ground-water hydrology is dynamic &and an inexact science,"

(U.S. Department of Interior: Ground Water Manual, 1981; pg.
P

65) the values for characteristics at this 1location should not
be considered as absolute values, but. rather as approximations,

within %1 order of magnitude of the trie values.

6 - 12
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Plate 2 - 1986 Field Investigation Map
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Plate 3 - Deep Aquifer Potentiometric Map
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Plate 4 - Deep Aquifer Potentiometric Map
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REI 3-4 Run #2 Pumping Test
Response Curves and Aquifer.
Characteristics Calculations
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